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PEEFACE. 



There is probably no subject, con- 
nected with the application of electricity, 
that has come into greater prominence 
during the last decade, than the electric 
transmission of power. The electric 
motor is now to be found everywhere 
driving machinery of all sizes. It permits 
a single, large, economical engine to oper- 
ate a number of small motors over a large 
area. 

This little volume of the Electro-Tech- 
nical Series has been prepared with the 
object of rendering the principles of elec- 
tric motors clear to those who are not 
specially trained in electro-technics. For 
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this reason, in this, as in all other books of 
the series, vexed questions as regards the 
priority of invention liave been carefully 
avoided, and facts, rather than names, have 
been presented to the reader. Only such 
portions of the history of the subject as are 
necessary to a logical comprehension of its 
development are given, and no mathe- 
matical treatment other than simple arith- 
metic has been employed. 

The authors are indebted to the editors 
of Cassier'^s Magazine for cuts in the book 
relating to the Niagara power transmission. 

Notwithstanding the apparent complex- 
ity of the electric motor, the authors 
believe that the student will be in pos- 
session of all its essential elementaiy 
pi'inciples after reading this book. 

August, 1896. 
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THE ELECTRIC MOTOR AND 
THE TRANSMISSION OF 

POWER. 



CHAPTER I. 



INTRODUCTORY. 



The nineteenth century owes its promi- 
nence in pliysical science, largely to the 
discovery that energy is indestructible, and 
that the universe possesses a certain stock 
or store of energy which it is impossible 
either to increase or to decrease. 

All natural phenomena are attended 
by transformations of energy. When 



ilestructibility and iucreatability of matter. 
Oui- belief in these doctriues is tbe result 
of our univeraal exj>erieace, and any ex- 
planation of natnral phenomena, that neces- 
sitates tbe creation, eitbei" of energy or of 
matter, may be unhesitatingly rejected. 

Energy is the capability of doing woclc. 
In other words, when work is done energy 
is expended. But it must not be supposed 
because the energy is expended, that it is 
thereby destroyed. The enei-gy lias only 
changed its form or its position. Fi>r 
example, when a charge of gunpowder is 
placed in a gun and fired, the eneigy 
which previously existed in the gun- 
powder is liberated, by the act of firing, 
and is principally expended in moving 
the ball from the gun, some being acci- 
dentally expended in heating tlie gtm. 
Although the energy is thus properly 
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4 THE ELECTRIC MOTOR AXD 

s[K^ken of as ]>ein<r ex|>eiided by the gun- 
[Kjuder ill doing tbi.s work, yet it must be 
reniemljererl tbat the enei'srv is not there- 
bv annihilated, l>ut is nierelv transformed. 
The moving ball ex|>ends some of its 
enercrv of motion in movinsr aside the air: 
a i>ai't i.sex|>ended in producing sound, and 
tlie remainder, usually the greater part, is 
given up in the concussion against the 
body it strikes. All this energy finally 
takes the form of heat in the gun, in the 
air, and in the body struck, in which foiin 
it usually permanently remains. Conse- 
quently, after the gun has been fired, there 
is less chemical, but more heat energy in 
that ])art of the universe. 

As another example take the case of a 
reservoir filled by a pump with water. The 
lillccl res(M'V()ir represents a stock or store 
of ojMfi'gy derived from the work expended 



in pumpmg. So long as no water is 
allowed to leave the reservoir, no work is 
(lone, and the store of energy remaius un- 
changed. If, ho^vever, the ^vater be per- 
mitted to escape through a water-wheel, 
the energy in the reservoir is expended iu_ 
turning the wheel; that is to say, the 
energy of the moving water is transferred 
to the nioviug wheel, which in its turn, 
may transfer it to machinery connected 
therewith. Here each moving part ex- 
pends its enei^ ; but such energy is not 
annihilated ; it is merely transferred. If 
the water-wheel were eraploj'ed to drive 
another pump which filled a similar reser- 
voir to the same level, and no loss of 
energy occurred in its transference, the 
escape of water from the first I'esei'voir 
would result in the filling of the second 
reservoir with the same quantity of water 
and to the same depth.. lu practice, this 
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uever occurs; losses always take place in 
tlie niacliiiieiy. Such losses, however, are 
not auuihilations of energ)\ The energy 
which disappears, takes some other form, 
generally as - heat produced by frictions. 

The water of a river flowing through its 
channel, represents a stock of energy that 
is being expended at a certain rate. The 
amount of energy present in the moving 
stream depends both upon the quantity 
of water, and on the speed with which 
it moves. A certain proportion of this 
energy is capable of being transfeiTed 
from the stream to a moving water-wheel, 
or water motor, and the water, which has 
passed throui>:h the wheel or motoi', loses 
some of its motion in consequence. 

Tlie source of energy in the moving 
water of a river is to be found in the sun's 
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liefit, which convei'ted tlie ocean's watei- 
iuto vapoi", and carried this va[)or over the 
land, where it subsequently condensed and 
fell as rain. The enei^y in the moving 
water, however, is only a portion of that 
which it acquired in falling from the 
higher to the lower level. 

In each of the preceding cases the mov- 
ing machiiieiy ceased its motion, when 
ecei^y ceased to be transferred to it ; and, 
in each case, we have been able readily 
to ti*ace the source of the driving enei-gy. 
Thecase of a man, avIio expends musculai' 
or nervous energy, in doing work, forms no 
exception to this rnle. In onler to permit 
the man to continue expending enei'gy in 
such work, it is necessary that his stock of 
snei^y be repleiiished from time to time ; 
in other words, that energy be transferred 
4o him from some other source. This ia 
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arcoinplishoil by his assimilating food, 
which coiiiaiii^ chemical energy imparted 
to it from the sun. 

Strani2:e as it mav seem, the transference 
of enerirv fix>m assimilated food to tlie 
oriranism of the man, is similar to tlie 
transference of enei'iry from a lump of 
ct>al to a steam euirine. Tlie chemical 

V. 

potential enerirv of the coal, liberateil 
bv burniuiT under a boiler, is transferi'ed 
to the steam : and the enerirv of the steam, 
is transfenvil t4> the working parts of the 
steam euirine. In man, it is tlie chemical 
potential energy of the food assimilated, 
whi'.-li ♦-nables him to perform his varied 
funoti'iiis. In the steam enirine it is the 
oli*:fni<::iI potential enerirv of the coal which 

'rfiabi*:* it to Work. 

Ii*:for*: h:;ivincr the subject of enerirv it 



THE TRANSMISSION OF POWER. 9 

will be advisable to obtain definite ideas 
concerning its measurement. The amount 
of energy required to be expended in order 
to raise one pound against the earth's 
gravitational force, through a vertical dis- 
tance of one foot, is called a foot-pound. 
Thus, to raise a steel fire-proof safe, 
weighing 5,000 pounds, from the street 
to a room, 100 feet above the street level, 
requires the expenditure of energy equal 
to 100 X 5,000 = 500,000 foot-pounds. 
Energy is measurable in ^mits of loorh^ 
and the foot-pound is the unit frequently 
employed in English-speaking countries 
for this purpose. 

The international tcnit of toorh is called 
\\iQ joule, A joule is approximately 0.738 
foot-pound, and is, therefore, roughly, 
equal to the amount of energy requii'ed to 
be expended in order to raise a pound 
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tliroiigh a distance of 9", against gravita- 
tional force. A foot-pouncl, is, therefore, 
greater than a joule, being, approximately, 
equal to 1.355 joules. 

If we could compute the total enei'gy of 
the universe, it would, of course, be capable 
of being expressed either in foot-pounds or 
in joules. As we have already stated this 
total is believed to be constant, all so- 
called expenditures of energy merely 
altering the character of the stock, and not 
its amount. 

It is necessary carefully to distinguish 
between the expenditure of energy and 
the I'ate at which it is expended. Thus if 
a man weigliing 150 pounds nscends a 
fliu'lit of stairs 100 feet ]\\<A\, lie must 
necessarily expend energy amounting to 
150 X 100 = 15,000 foot-pounds. So far 
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' as the result is concerned, namely bis ' 

;eacliing the top of the staira, the same 

amount of work must be done whether he 

does this in five minutes, or in one 

[ minute ; but the rate at which he requires 

I to expend enei^y in the two cases in order 

I to mount the stairs, would be very differ- 

; ent; for, in the fii'st case he would expend 

15,000 foot-pounds of work in five 

minutes, or at an average rate of 3,000 

foot-ponnda per minute, while in the 

I second case he would expend 15,000 foot- 

rpouuds of work in one minute, or at an 

average rate of 15,000 foot-pounds per 

minute ; that is to say, his activity, or rute- 

qf-expemU/ig-sneiyy, woukl be five times 

ft greater in the latter case than in tlie 

[former. 

A unit of actii}ity or rate-of-expeuding- 
psnergy, freipieutly adopted in English- 
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Iduce them. It is convenieut to regard 
I Buch pbeuomeDa either from the stand- 
I point of the energy they consume, or of 
he activity they require to have sus- 
tained. 



We can i-egard these phenomena as 
capable of being reproiluced by the expen- 
diture of the proper amount of energy. 
Since the cliemical potential energy in a 
pound of coal is a definite quantity, we 
know that by the liberation of this energy 
we can produce a certain phenomenon, 
such, for example, as raising a weight to 
a given height, or in overcoming certain 
resistances, as in sawing a log of wood. 
klf the same phenomenon is to be prodiiced 
nt apme point where this energy does not 
ist, it is evident that this amount of 
must be transmitted from some 
■ point. 
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Rope transmission finds its most exten- 
sive use in the operation of cable care, 
where it is sometimes employed for dis- 
tances of several miles in a single section. 

Pneumatic transmission is employed ex- 
tensively in Paris, where there are about 
35 miles of pneumatic mains. It is also 
used extensively in mining operations, 
and to some extent, in systems of railway 
signalling. When used in mining, it 
possesses the advantage of aiding the 
ventilation. 

Hydraulic transmission is in fairly 
extensive use for distributing power in 
European cities where the distribution 
distances are not excessive. 

There can be no doubt that any of the 
preceding systems is capable, when prop- 
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THE TRANSMISSION OF POWER. 

Ill contrastiug the relative advantages of 
rope, pneumatic, and hydraulic transmis- 
sion, rope transmission is often advanta- 
wliere the power has to be 
trauaiuitted in the open country in bulk, 
but, where power has to be trausmitted to 
uraber oi consuniei-s in a city, pneu- 
matic or hydraulic transmission possess 
advantages over rope transmission, espe- 
cially in cases where the exigencies of 
the work retpiire the direction of the 
motion to be frecpieutly and abruptly 
changed. 

While pneumatic and hydraulic trans- 
nissiou systems possess marked advantages 
In certain directions, yet electric transmis- 
sion is so convenient, the efficiency of the 
;enerators and motoi-s so high, the cost of 
ta-ansmission over considerable distances so 
feoniparatively low, and the flexibility with 
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CHAPTER 11. 



SOURCES OF ENERGY. 



The knowD sources of energy may be 
classified as follows : viz., 

(1) Cliemical enei'gy, as of coal and 
other combustibles. 

(2) Water power. 

(3) The eartk's internal heat. 

(4) The earth's motion. 

(5) Solar heat. 

Tracing these various sources of energy 
to their origin, it soon becomes evident 
that they are all derived from tlie sun as 
the prime source. A lump of coal, when 
burned, gives out, in its radiant light 

19 
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I mass while in an incandescent condition, 
rthia source of heat also owes its origin 
[ to the sun. 

Tiie rotary motion of the earth may 
I be regai'ded as a source of power. With- 
I out stopping to diacuss the vai'ious methods 
I which have been proposed to obtain motion 
r from the rotation of the earth, we would 
point out that the only practical means 
for doing this is by the employment of 

t machines driven by the tides. 
It is evident, from a consideration of 
the above, that all the natural sources 
of poiper available to man on the earth 
either Jiave been, or ai-e being, derived 
from tjje sun, and ai-e divisible into three 
g-TOflio;jasses; namely, 
(0 golar energy imparted to the earth 
at the ^eginuing of its career. 



L 



* ■ ■' • •! ^T^i 






^ t 



:r:..- ,:™:. ::..- ..:-"■ maixiTioi*. 



_:^:;i! ■; _i. ;:- v - 



• •'•-r :- ^ - ■ - - ■ 'Ir^airi^ A'fSI lilt* 

.1.' iiutiTSi.tiUr 



1 1 • * I 






A .. .: : . .. - -.• 'W«' scud 



I '--I ■ » ■ ■ '■^ 
I ■ • I . . . . • 



I ■ 



:i drivts 



i\Hl to ilu : /. > jK-livity 

aonilh kuow!. :,> , . >•: of tlie 



THE TRANSMISSION OF POWER. 23 

machine. The machine, in operating, de- 
livers to the machinery it drives a certain 
amount of activity which is called its out- 
put. The output can never exceed the in- 
take. In point of fact, since certain losses 
occur in the operation of the best designed 
machines, the output can never even equal 
the intake, and, in many machines, is con- 
siderably less than the intake. The ratio 
of the output to the intake is called the 
efficiency oi the machine. 

In order to illustrate the preceding 
principles we may consider the following 
example. A line of shafting in a machine 
shop, is a machine for transferring energy 
from a source, say a steam engine, to one 
or more driven machines, such as lathes, 
saws, etc. The amount of activity de- 
livered to the shafting by the engine may 
be, say 10 horse-power, or 746 x 10 = 7,460 
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watts = 7,460 joules-per-second, or 5,500 
foot-pounds per second. A certain amount 
of this activity is expended in overcoming 
the friction of the shafting; i. ^., in heat- 
ing the journals, in churning the neigh- 
boring air, in shaking the building, and in 
stretching the belts. The remainder of 
the activity is delivered to the lathes. If 
this total delivery or output, be 8 HP = 
746 X 8 = 5,968 watts, the efficiency 

8 
of the shafting will be - - = 80 per cent. 

Again if an electric motor receives an 
intake of 50 horse-power, and has an out- 
put of 45 horse-power; i. ^., delivers 45 
horse-power at its pulley, then its efficiency 

45 
will be ^— = 0.9 = 90 per cent. 
50 ^ 

In considering the amount of power 
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required to be drawn fi'ora any natural 
source in order to perform a given uinotint 
of work, alloivance must, therefore, be made 
for the ]oss in transfonnation. For ex- 
ample, it can be sliown tliat a pound of 
good coal, if thoroughly burned in air, ia 
capable of yieldiug a total amount of 
energy equal to 15,500,000 joules, or, 
11,440,000 foot-pounds. Cousequently, if 
the enei^ ao liberated were applied to 
drive a steaiu engine, tliia steam engine, if 
burning one pound of coal per hour, Avould 
be able to raise a weight of one pound 
11,440,000 feet in that time, and would, 
therefore, be exerting an activity of 5.778 
horee-power, or 4,310 watts. In point of 
fact, however, the best steam engines and 
boilers are only capable of delivering 



one pound of coal, so that the efficiency of 
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such an eugiue and boiler would only be 

8 
^ ' = 0.1385, or 13.85 per cent., and, in 

fact, with the types of engine ordinarily 
employed, the efficiency is commonly only 
about 8 per cent. 

This comparatively low efficiency of a 
steam engine and boiler is due to the com- 
bination of two very different causes. 
One of these lies in the working tempera- 
ture, or the difference in temperature 
between the steam admitted to the engine 
and tlie steam leavini^ the emj^ine. It is a 
law of natui'e that the amount of heat 
which can be mechanically realized from 
the liberation, during combustion, of a 
given quantity of chemical energy, 
(l(*p(Mi(ls u[)(>n the woi'king temperatures. 
AVith the working temperatuivs which are 
im[)osed by practical considei'ations in the 
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best steam engines, the efficiency due to 
this cause is restricted to about 25 per 
cent., so that if the steam engine and 
boiler were perfect machines, losing none 
of the power which was capable of being 
delivered to them, they could not under 
these circumstances have an efficiency, 
taken in conjunction, of more than 25 
per cent. The balance of the work is ' 
uselessly expended in heating the air and 
water. 

The second source of loss lies in the 
necessary imperfections of engine and 
boiler as machines. The above losses are 
due to frictions and loss of heat by con- 
duction, convection, radiation and conden- 
sation. Retaininc: the same working? 
temperature, these losses are reduced by 
all improvements in the engine and boiler, 
considered as machines for eifecting trans- 
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formation of energy. The efficiency of an 
engine and boiler, considered as receiving 
oidy tlie energy wliicli is rendered available 
l)y tli(5 range of working temperature, is 
at lli(^ b(»st about 56 per cent., so tliat the 
uoM (»niciency, reckoned from the total 
cheinicnl (Mi(M*gy of coal, in the best engines 
and b()il(Ms is oidy about 0.25 X 0.56= 0.14, 
or 14 per cent. 



EI^MENTART ELECTRICAL PRINCIPLES. 



The grave mistake is not iiifrequeiitly 

Ktnade that because we aie still ignorant of 

liKe veal nature of electricity, we are neees- 

Pearily equally ignorant of the principles 

oontrolliug its action. In point of fact 

the engineer has to-day a more intimate 

kno\vledge of the laws of electricity, than 

of the laws which govern the application 

Since, in the study of the 

totor, a knowledge of the more 

laws of electiicity is neces- 

be advisable to discuss them 

^tjefore proceeding further with the 
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ciirreut is circiiitiil, in bo far as it again 
i-eacbes tlie jwint from wbicL it started. 
The couducting patli fonws wliat is called 
an electric circuit. It must not be sup- 
posed, however, that circuits are neces- 
sarily circular in outline, since a circuit 
will be establislied no uiatter what the 
shape of the conducting paflt, provided 
only ■ that the electric flow reaches the 
point from which it is assumed to have 
started. 

An electric circuit is said to be made, 

witipleted, or closed, when a complete con- 
ducting i)ath is provided fur it. It is said 
to be hrokf-ii, or opened, when this conduct- 
ing path is interrupted at any point. 



When an electric sonrco, sucli as shown 
in Fig. 1, is open or liroken, the current 
ceases to How, and, cnnse<iuently, tlie 
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source ceases to furnish electricity. It 
does not, however, cease to furnish a 
variety of force called electromotive force. 
As long as the circuit remains open the 
electromotive force produced by the bat- 
teiy does no work; i, e.j expends no 
energy. It is only when a conducting cir- 
cuit is provided for it, that it can produce 
a motion of electricity and thus do work. 
In point of fact all electric sources ai^e 
to be regarded as sources of electromotive 
force^ usually abbreviated E. M. F., rather 
than sources of curi'ent, since they produce 
E. M. F. whether their circuit is opened 
or closed. Morever, the conditions of 
their working remaining the same, the 
value of their E. M. F. remains un- 
changed ; whei'eas, as we shall see, the 
value of the current they produce, de- 
pends entirely upon certain conditions of 
the circuit with which they are connected. 
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Regarding Fig. 1, as a typical instance 
of a working electric circuit, provided, as 
already mentioned, with a voltaic battery, 
conducting leads, and an electi'o-receptive 
device or devices, let us inquire how we 
can ascertain the amount of electricity that 
will flow throuQ^h the circuit in a o;iven 
time. In this, as in any similar electric 
circuit, the strength of current which flows, 
that is, the quantity of electricity which 
passes through the circuit per second, is 
dependent on two quantities ; namely, on 
the value of the E. M. F., which may, for 
convenience, be regarded as an electric 
prcK'^fire causing, or tending to cause, the 
electric flow, and on a quantity called the 
rcsist(ffu'e of the circuit, which acts so as 
to limit the (pumtity of electricity passing 
tliroui>:h the circuit in a i^iven time. The 
current strength passing is related to these 
(puintities in a manner discovered by Dr 
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Ohm, and expressed by him in a law, 
genei'ally known as Ohm^s laiv^ as fol- 
lows: The current strength in any circuit 
is equal to the E. M. F., acting on that 
circuit, divided by the resistance of the 
circuit. 

In order to assign definite values to the 
above quantities, certain units are em- 
ployed. The units in international use 
are as follows: the unit of E, M, i^, 
called the volt; the unit of resistance^ 
called the ohm^ and the ^mit of current 
strength ov jlov\ called the ampere. Ohm's 
law, expressed in terms of these units, 
is as follows ; namely, 

volts 

amperes = -, 

^ onms 

Suppose, for example, in the case of the 
simj^le electric cii'cuit shown in Fig. 1, 



1 



36 THE ELECTRIC MOTOR AND 

tliat the E. M. F. of the voltaic battery is 

10 volts, and the resistance of the entire 

circuit, including the resistance of the 

source, the conducting wires and the 

lamp, is 5 ohms; then, in accordance 

with Ohm's law, the current strength 

, , , 10 volts _ 

would be — — i = 2 amperes. 

5 ohms ^ 

The volt is, roughly, equal to the 
E. M. F. of a blue-stone voltaic cell, such 
as is commonly used in telegraphy. The 
ohm is the resistance of about two miles 
of ordinary trolley wire, and the ampere 
is about twice as strong a current as is 
ordinarily used in a 16 candle-power, 110- 
volt, incandescent lamp. 

The dynamo-electric machine is the 
practical source of the powerful electric 
currents that are in common use. 
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Dynamoa can be constructed to give an 
E. M. F., varj-ing from a single volt up to 
10,000 volts. The E. M. F. employed for 
street railroad systems is about 500 volts. 
The E. M, F. employed for continuous-cur- 
rent incandescent electric lighting is about 
115 volts. 

There are a great variety of voltaic 
cella. The value of the E. M. F. varies in 
each, but in general, is comprised be- 
tween 2/3rds volt and 2 1/2 volts. As 
this pressui'e, or, aa it is frequently called, 
voltage, is insufficient to operate most 
receptive devices, it is necessary to in- 
crease it by connecting a number of sepa- 
rate cells together so as to permit them to 
act as a single cell or battery. Such con- 
nection may be effected in vaiious ways, 
bat the readiest is connection in series, 
which consists essentially in connecting the 
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positive pole of oue cell to tlie negative 
of the next, and the positive of this, 
to the negative of the next, and so on 
tliroiii'h the entire number of cells, aa 



shown in Fig. 2, whei'e three sepai-ate, 
Daniell gravity cells are connected in ] 
series. If the E. M. F. of each cell is, say 
1.1 volts, the E. M. F. of the Lattery will 
be 3.3 volts. Dynanms may also be con- 
uected in series, but since it is easy to j 
. construct a dynaiuu fur the fnll E. M. F. I 
I required, the expedient is rarely reaoited to.j 
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The resistance ottered by a pijie to t]ie 
flow of water tbrougli it iiiereases with 
the length of tlie pipe and also with the 
iiari-owness of its bore. A long, narrow 
pipe has a higher resistance, and permits 
less water to tlow through it in a given 
time, and under a given pressure, than a 
short pipe of large diiiineter. In the same 
way, the I'eeiatance of an electiii" wire 
increases with its length and with its 
naiTOwness. A loug, fine wire litis a high 
resistance, as compared with a shoi't, thick 
wire. Tbns, one foot of very fine copper 
wire, No. 40 A. W. G. (American Wire 
Gauge), having a diameter of 0.003145 
inch, has a resistance of, approximately, 
one ohm. If, therefore, the length of a 
wire be fixed, we can make its resistance 
almost anything we please by altering its 
area of cross-section. If we doulde the 
cross-section, we halve the resistance. 
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the resistance increasing directly with 
the length, and inversely with the cross- 
sectional ai'ea of the wire. 

There is another way of varying the re- 
sistance of wiivs of the same dimensions; 
/. e., by employing different materials. In 
otliei' words, the I'esistance of a wire 
depends not only upon its length and 
cross-section, but also upon the nature of 
its substance. The specife resista7ice of iron 
is about G 1/2 times as great as that of 
copper, so that a wire of iix)n would have 
() 1/2 times as much resistance as a wire 
of coppcM* having the same length and 
cross-section. 

Ill oi'diM' to compare readily the specific 
rc^sistanccs of different materials, reference 
is had to a quantity called the resistivity. 
The resistivity of a material is the resist- 
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ance offered by a wire having unit length 
and unit cross-sectional area. These nnit 
values are generally taken as one centi- 
metre for the length, and one square centi- 
metre for the area of ci'oss-aection, so that, 
when we speak of the resistivity of copper 
as being 1.6 microhms, ^ve mean that a 
wire 1 centimetre in length and having a 
cross-section of 1 square centimetre, has a 
resistance of 1.6 microhms; L e., 1.6 mil- 

lionths of an ohm ( wjTTrrTiTjf, )■ The resist- 
ance of one meti'e of this wire would be 
-' -■-■ — — = 160 microhms, and the resist- 
ance of one metre of a wire having a ci'oss- 
sectional area of 2 square centimetres 
1.6 X 100 



would \ 



- 80 microhui 



Con- 



sequently, if the resistivity of a material i 
knowD, it is easy to determine what the 
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resistance of any uniform wire will be of 
given length and cross-sectional area. 

In English-speaking counti-ies, where 
lengths are generally measured in feet, and 
the diameters of wires in inches, it is con- 
venient to employ as an area of cross-sec- 
tion the circular mil. A miil is a unit of 
length of the value of one thousandth of 
an inch, and a wire, one inch in diame- 
ter, is said to have a diameter of 1,000 
mils. If we square the diameter of a wire 
in mils, we obtain its area in circular mils, 
so that a circular wire, one inch in diame- 
ter, lias an area of one million circular inilsj 
A ci renin r mil-foot is a unit of cross-sec- 
tioii and length possessed by a wire one 
foot lonii; and haviiiij:: a diameter of one 
mil, and, conse(}uently, an area of one cir- 
cular mil. A circular mil-foot of copper 
has a resistance of 10.35 ohms, at 20^ C; 
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flo that if a wire be oue mile long, and 
have a diameter, of 0.2 incb, its cross-sec- 
tion will be 200 X 200 = 40,000 circular 
mils, and its leugth will be 5,280 feet, so 

. ^ .^ . , -n 1, Si280 X 10.35 

that its resistance will be ,,, ^,-,, — ■ = 

4U,UUU 

366 ohms at 20° C. 

The resistivity of all metals is increased 
by an increase in temperature. In moat 
metala this increase is about 0,4 per cent, 
per degree Centigrade, reckoned from the 
resistivity at zero Centigrade, so that, at 
the temperature of boiling frater, the 
resistivity of copper is about 40 per cent, 
greater than its resistivity at the freezing 
loint of water. In computing the resiet- 
ance of a wire, therefore, its temperature 
must be taken into account. 

AVhen a current of water flows through 
pipe, the quantity of water which passes 
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depends both on the flow, and on the time 
during which the flow takes place. In 
the same way the quantity of electricity 
wliich passes through a wire depends both 
on the rate of flow, or the number of 
amperes, and on the time during which 
the flow takes place. In determining the 
quantity of water which passes through a 
pi[)e, the gallon is frequently employed 
as a unit of quantity. Similarly, in 
determining the quantity of electricity 
which passes through a wire, a unit of 
electric qi(aatity called the coulomb is 
ein[)loyed. As in water currents, the 
guUou-per-second might be employed as 
the unit of current, so in the electric cur- 
rent, the Knif'Vate-of'jloio is taken as a 
coiihnah-per-second^ a rate of flow the same 
as the ampere already referred to. The 
coulunib is, therefore, the quantity of 
electricity which passes through a circuit 
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I duriug one second, when the cun'ent 
strength is one ampere. Tbus, again 
referring to the simple electric circuit 
shown in Fig. 1, the value of the current 
flowing through which was calculated 
as two amperes, the quantit}' of electricity 
would be two coulombs in each seconil, or 
120 coulombs per minute. 

A reservoir filled with water may be 
regai*ded as a store of energy and can be 
^caused to expend that energy in doing 
^Work, by permitting the water to eseaj>e 
BO as to tlrive a water motor. The 
ftmount of energy, which can be trans- 
fei'i-ed fi-om tbe reservoir to the motor, 
will depend buth on tlie quantity of water 
in the reservoir, and on the \'ei'tical height 
through whicb the A\'ater is permitted to 
fall. Thus, if the reservoir contain 1,000,- 
000 pounds of water, and this drives a 




40 THE ELECTKie MOTOR AND 

motor, sitiiat(Ml at a vertical distance of 50 
{(t(ti b(jlow tlie mean level of the water 
in tlie i'(»s(»rv()ir, the total amount of 
i'liergy ti'aiismitted to the motor will be 
50 X 1 ,()()(),(KM) = 50,000,000 foot-pounds, 
or 07,750,000 joules. If the motor were 
a pi^rfect machine, it would be able to 
deliver this amount of energy to whatever 
it drives. Supposing, however, that its 
(;fiici(?ncy is only GO per cent., the total 
amount of work it would deliver would 
Ixi fi7,750,(H)() X O.G = 40,650,000 joules, 
or ;U),000,O0() foot-pounds. Here, as we 
have already seen, the total amount of 
work is obtained by multiplying the 
W(»iglit of water in pounds by the differ- 
(»nc(i of level through which it falls in 
fe(*t. 

Any eh^cti'ic source, such as a dynamo 
or voltaic battery, may be regarded as a 
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means for forcing electricity through a 
circuit, by reason of an electric pressure 
or difference of electric level. As in the 
case of the reservoir, the amount of work 
done will depend upon the quantity of 
electricity forced through the circuit, mul- 
tiplied by the difference of level or pres- 
sure through which it is forced. Repre- 
senting the quantity of electricity in 
coulombs, and the difference of electric 
level or pressure in volts, the product of 
the two is expressed in vnits of ehctric 
worh called the volt-coidmnhj which is 
equal' to the joule. In point of fact the 
joule was the name originally selected 
for this unit of electric work. It can, 
however, be employed for the expression 
of any kind of work. 

Let us again refer to the simple electric 
circuit shown in Fig. 1, in which an 
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E. M. F. of 10 volts is active. This pres- 
sure corresponds to the total difference of 
level between the water in the reservoir 
and the motor which it drives. Every 
coulomb of electricity which flows through 
this circuit requires an expenditure of 
woi^k equal to 10 volts X 1 coulomb = 10 
volt-coulombs = 10 joules = 7.38 foot- 
pounds. Since, as we have seen, the 
current . strength in this circuit is 2 
anq)ei'es ; ?'. e.j 2 coulombs-per-second, the 
work done will be 2 X 10 = 20 joules 
in (»ach second. A joule-per-second is 
call(Hl a ivatt; consequently, the activity 
in this circuit will be 20 watts. In any 
el(*etric circuit the rate at which work is 
b(Mng expended ; i, ^., the activity of the 
circuit, expressed in watts, is equal to the 
])roduct of the total pressure in volts 
multiplied by the current strength in 
ampei'es. 
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This activity baa to be supplied to tlie 
circuit by the electric source, lu the ease 
of a dynamo, the activity is supplied by 
the engine or tiirbiue driving the dynamo, 
lu the case of a batteiy, the activity is 
supplied by the chemical energy of the 
cell, in other words, by the burning of the 
zinc in the battery solution. 

The activity so expended in an electric 
circuit appears iu one of three ways : 

(1) Heat. 

(2) Mechauical work. 

(3) Electro-chemical work. 

The relative expenditure of activity in 
these three different ways is detehuined 
by the distiibution of what is called tiie 
counter E. M, F., abbreviated C. E. M. F. 
For example, iu Fig. 1, an E, M. F. of 10 
volta acting in the cireuit is opposed by 
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a C. E. M. R ; /. ^., a Ixieh pressure^ or 
oppositely directed E. M. F. opposing the 
flow of the current. 

The passage of water through a pipe is 
always attended by a back pressure. For 
example, if a powerful sti'eam of water be 
forced throu<2:h a Ions: hose, there will be 
a difference of pressure between the two 
ends of the hose, owing to the resistance 
encountered by the water during the pas- 
sage. If the water escapes freely from the 
distant end into the air, the pressure in the 
hose, at a distance of say two hundred feet 
from the end, may be, perhaps, five pounds 
l)er square inch above the pressure of the 
air. This is the back pressure due to 
the flow of water. It increases with the 
rapidity of the dischai-ge. 

In an electric conductor or circuit, the 



product of tlie cuiTent strength io amperes 
and the reaistauce in ohms, gives the back 
pressure, or C. E. M. F, iu volts. Thus in 
the circuit of Fig. 1, where the resistance 
of the entire circuit is 5 ohms, anrl the 
current 2 amperes, the C. E. M. F. is 
2X5= 10 volts, which is equal to the 
driving E. M. F. This, in fact, follows 
from a consideration of Ohm's law; 
namely, that the E. M. F. divided by the 
resistance gives the current strength, so 
that the current strength multiplied by 
the resistance, is equal to the E. M. F. 

Since the resistance of the circuit, shown 
in Fig. 1, m nia^le up of the resistance of 
the voltaic battery, the conducting wires 
and the lamp, the C. E. M. F. or fall of 
pressure of 10 volts, is distiibuted in these 
portions according to their I'espective re- 
sistances. If the resistance of the battery 
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be 1 olim, tliat is, if the battery con- 
sidered as an electric conductor composed 
of liquids and metals, offered a resistance 
of 1 ohm to the passage of the current 
it generates, the C. E. M. F. set up in the 
battery by the current strength of 2 
amperes will be 2 amperes X 1 ohm = 
2 volts. Or, regarded from the standpoint 
of Ohm's law, 2 volts will be the E. M. 
F. necessary to force 2 amperes through 
the resistance of the battery. As it is 
usually expressed, the " dropj'* or fall of 
pressure in the resistance of the battery 
Avill be 2 volts. Again, if the resistance 
of the conducting wires leading to the 
lamp; ^. ^., the leadsj be 1 ohm, or 1/2 
an ohm in each conductor, the drop in each 
will Ije 2 ampei'es X 1/2 ohm = 1 volt. 
Since the resistance of the lamp is 3 
ohms, the C. E. M. F., or drop in its resis- 
tance, Avill also be 2 amperes X 3 ohms = 



6 volts. The total drop, or C. E. M. F. 
due to resistauce, will, thei-efore, be 6 volts 
in the lamp, 2 volts in the conducting 
wires, and 3 volts in the battery, making 
the total C. E. M. F. equal and opposite 
to the driving E. M. F. ; namely 10 volts. 

As we have seen, the activity expended 
by a source ia the product of the driving 
pressm'e or E. 51, F. in that source, and the 
current strength in the circuit expi'essed 
in coulombs-per-seeoud, or amperes. Simi- 
larly, the activity in watts, expended on 
a source of C. E. M. F., is the product of 
that C. E. M. F. in volts, and the cur- 
rent strength passing through the circuit. 
Thus, the activity expended in the lamp 
of Fig. 1, will be 6 volts x. 2 amperes — 
T2 watts, or 8.856 foot-pounds-per-second, 
expended in the lamp as heat. Again, the 
activity expended in the two conductors is 



54 THE ELECTRIC MOTOR AND 

2 volts X 2 amperes = 4 watts, or 2.952 
foot-poundsper-secoud. The activity ex- 
pended in the internal resistance of the 
battery will be also 2 volts X 2 amperes = 
4 watts = 2.952 foot-pounds-per-second, 
while the activity expended in the entire 
circuit of the battery will be 10 volts X 
2 amperes = 20 watts = 15.76 foot-pounds- 
per-second. 

Summing up the various activities in 
the circuit, we have, as follows; viz., 

The activity expended on the circuit by 
the source is 10 volts X 2 amperes — 20 
watts = 20 joules-per-second. Of this the 
activity expended in the circuit by the 
lamp is volts X 2 amperes = 12 watts; 
the activity expended in the two leads, is 2 
volts X 2 amj)eres = 4 watts; the activity 
exi)eiided in tlie battery, is 2 volts X 2 ain- 
piM'cs = 4 watts; total activity = 20 watts. 



In the above case tlie .ictivlty ia ex- 
pended by the cheiiiical energy in the bat- 
tery, ami is liberated entirely in the form 
(if heat ; tliat is to say, the battery ia 
wanned, the wires are wanned, and the 
lamp is wai'iued. The lamp becomes 
much hotter than either the battery or 
the wires, because the heat is liberated in 
a very small volume of material, and can 
escape only from a very contracted sur- 
face. All activity expended against the 
C. E. M, F. of drop is thermal activity and 
is usually to be considered as wasted 
activity, except in the case of electric 
heaters or electric lamps, where this 
C. E. M. F. and activity are designedly 
employed for warming the surrounding air 
or other bodies. 



When an electric motor is so placed in 
any circuit, that a current passes through it, 
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duct of a C. E. M. F. aud the current 
strength which it opposes. Thus, if the 
motor by its rotation generates a C. E. 
M. F. of 2 volts, in addition to its 
C. E. M. F. of drop, the E. M. F. acting 
on the circuit Avill be 1 volts in the bat- 
tery, less 2 volts C. E. M. F. of rotation 
produced by the motor, or 8 volts, as the 
resultant driving E. M. F., capable of be- 
ing expended in forcing current through 
the circuit against resistance. The current 
strength Avill, therefore, be 8 volts -^ 4 
ohms = 2 amperes, and the activity of the 
source will be 10 volts x 2 amperes = 20 
watts = 14.76 foot-pounds. The drop in 
the battery w ill be 2 amperes X 1 ohm = 
2 volts ; that in each of the leads 2 volts ; 
and that in the windino; of the motor 2 
volts. The total pressure at motor termi- 
nals is, therefoi'e, 4 volts. The activity 
expended as heat will, therefore, be 2 volts 



\.' 
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X 2 amperes — 4 watta in tlie batteiy, 4 iii 
each of the wires, and 4 in the iiiotur 
winding = 16 watts in all. The activity 
iu the motor available for mechanical 
work, is, however, the C. E. M. F. of rota- 
tion, or 2 volts X 2 amperes = 4 watts, so 
that the total amount of work which the 
motor can perform mechanically is 4 watts, 
or 2.952 foot-ponuds-per-second. It is to 
be observed, therefore, that while 20 watts 
are expended by the sonrce, only 4 
watts can in this instance be utilized for 
mechanical purposes, the balance being 
expended in heating the circuit. 

Analyzing the activity in the circuit we 
have: Total activity of battery 10 volta 
X 2 amperes = 20 watts = 14.76 foot- 
pounds-per-second. This must be ex- 
pended in the circuit as a whole. The 
drop, or C. E. M. F. due to resistance iu 



1 




i 
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tlie two leads, is 4 volts, so tliat tlie 
activity in wanning tlie leads is 4 volts x 
2 amperes = 8 watts. The drop in the 
battery is 2 volts, so that the activity in 
warming the battery is 2 volts X 2 amperes 
= 4 watts. The drop in the motor is 2 
volts; the C. E. M. F. of rotation is 2 
volts; the total C. E. M. P. is 4 volts. 
The activity in the motor is, therefore, 4 
volts X 2 amperes = 8 Avatts ; total, 20 
watts. Of the 8 Avatts total activity in 
motor, 4 Avatts Avill be expended in heating 
its wire, and 4 watts in producing rota- 
tion. 

We have already referred to the fact 
that Avheii \vater escapes from a reservoir 
through a pipe a l)aclv pressure, or a conn' 
ter 'iraienaotive force is produced in the 
])ipe, tending to check the flow. Fig. 4, 
represents a reservoir 7?, maintained at a 
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practically coDatant level. Suppose a 
horizontal pipe B 0, be provided with 
an outlet at O. If tlie outlet at O, be 
teinporarilj closed, then tlie pressure fi-oui 
the watei" in M, will cauae the water to 



mmm 
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stand at the same level A A', in all the 
vertical pipes, 1, 2, 3, 4, etc. If, however, 
the outlet pipe be opened, the jiiessure 
at the outlet will fall to zero ; /. e., become 
that of the pressure in the air, and the 
liquid will escape owing to the difference 
of pressure between this point and that 



62 THE ELECTRIC MOTOR AND 

in the reservoir. There will, therefore, 
be established a gradient of pressure h C\ 
which will be practically uniform if the 
pipe be uniform, and the pressure in the 
pipe will be represented by the respective 
columns of water at J, 6?, d^ e^ /, etc. • The 
back pressure at the reservoir, due to the 
flow of water through the pipe, is h By ov 
the fall of pressure in the reservoir. At 
1, the back pressure is represented by 
the column c C^ and the drop of pressure 
in the length B C^ is represented by the 
column of water c c. Similarly, the back 
pressure at 2, is represented by the 
column d D^ and the drop in the length 
C I)^ by the column dd\ Similarly, the 
drop in the whole length B O^ \^ h B, 
or A O. In other words, the pressure 
h 7>, is that Avhich is required to produce, 
through the resistance of -the pipe, the 
actual flow which takes place through it 
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li we consider a pound of w.iter in the 
pipe after leaving tlie reservoir, tlien wlien 
this pound of water has readied the 
point 1, it has virtually fallen through the 
height c c', and, therefore, the amount of 
work expended by the reservoir in forc- 
ing the water thi-ough the pipe against 
this back pressure c c, will be this pound 
multiplied by the number of feet in 
e <L Again, if the flow from the reservoir 
be say 50 pounds-per-second, tlien the ex- 
jienditure of activity in foot-jjounds-per- 
second, will be 50 pounds X height O A' 
If this be 10 feet, the activity of the i-eser 
voir will be 50 X 10 = 500 foot-pounds-per- 
seeond = 678 watts. 



The preceding principles are those, 
which as we have seen, apply to the elec- 
tric circuit. If we represent the number 
of pounds of water by the coulombs, the 



J 
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difference of level in feet, by the volts, 
and the poiinds-per-second, by the amperes, 
the analogy is complete : for, if we multiply 
the current flow in amperes, by the drop 
of pressure caused by the resistance in 
volts, we have the joules-per-second, or the 
watts of activity, expended by the electric 
source in order to drive the electricity 
through the circuit against its resistance, 
or against the C. E. M. F. which this resist- 
ance produces. It must be remembered, 
however, that electi'icity is not a gross 
liquid like water and that these are merely 
analogies. 

Fig. 5 represents a reservoir with an out- 
let pipe as before, but coupled to a small 
water motor M^ inserted in the pipe. This 
Avater motor absorbs activity by reason of 
the l)ack pi'essure it is capable of develop- 
ing w hen in rotation. It will be observed 
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that the driving pressure in tlie resevvoiris 
now equal to the sum of the drops of pres- 
sure in the pipe, and the back pressure of 
the motor M. Thu8</i, is the drop of pres- 
sure in the first section of the pipe, (4, the 



^' 



drop of pressure in the second section of 
the pipe, and B, is the back pressure due 
to the action of the motor, so tliat >'/,, B, 
and <4, aie together equal to P. 

The activity expended by the reservoir In 
foi'cing the water through the pipe and 
motor together, is e(j^ual to the flow, say 
50 pounds-per-second, multiplied by the 
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total driving head P, say 10 feet = 50 X 
10 = 500 foot-pounds-t)er-secoDd. Of tLis 
activity that which is expended in forcing 
the water through the pipe, against the drop 
of pressure due to its resistance, is ex- 
pended in warming both the pipe and the 
water, while the activity expended against 
the back pressure B^ of the motor, may be 
entirely employed in producing mechanical 
work, and would be so expended if the 
motor J/, were a perfect machine. Thus 
if </|, be 2 feet and r/g, 2 feet, while B^ is 
6 feet, the activity expended in heating 
the pipe and its contents is 4 feet X 50 
pounds-per-second = 200 foot-pounds-per- 
second ; while the activity expended in the 
motor is 6 feet X 50 pounds-per-second = 
800 foot-pounds-per-second. Moreover, the 
laro'er the pipe, and the shorter its length, 
the less ^vill be the drop for a given flow, 
and the greater the proportion of activity 
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which may be expended in driving the 
motor. 

The electric analogue is shown in Fig. 
6, where the source is represented as a 
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Fig. 6. — Electric Analogue Showing Distribution 
OP Pressure in Motor and Wires. 



battery or dynamo producing the E. M. F. 
or difference of electric level M The cir- 
cuit A Dy extends from one pole of tlie 
battery to the other, although not so shown 
in the drawing. The motor Jf, produces a 
l)ack pressured, which we may assume to 
be entirely due to its rotation, the resist- 
ance of the motor being negligible ; the re 
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sistance of the conducting wires is 2 ohms 
each, the drop in the conducting wires is 
represented by d^, and 6?^, as before, but 
expressed in volts instead of in feet. If 
the E. M. F. at generator terminals be 10 
volts, di and c?2, each 2 volts, and the back 
pressure of the motor 6 volts, then the 
current through the circuit will be 10 — 
6 = 4 volts divided by 4 ohms = 1 ampere. 
The activity expended by the source will be 
10 volts X 1 ampere = 10 watts = 7.38 foot- 
pounds-per-second. The activity expended 
in each of the leads will be 2 volts X 1 
ampere = 2 watts, or 4 watts in all, and 
the balance, or 6 watts, must be equal to 
the activity expended in the motor; namely, 
6 volts X 1 ampere. If the motor could be 
made perfect, it Avould supply 6 watts 
mechanically at its shaft, or 4.428 foot- 
pounds-per-second, available for driving 
purposes, and the proportion of the avail- 
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able activity in tlie circuit to the total activ- 
ity expended would be -t7 = 60 per cent. 
In practice, owing to the existence of vari- 
ous f lictional forces in the motor, its output 
would be less than 6 watts, say 4, making 



? 



1 



its efficiency -- = 66 3/3 per cent., and the 

4 
efficiency of the circuit tt: = 40 per cent. 

Fig. 7 I'epresents a more nearly com- 
plete analysis of the distribution of drop 
and expenditure of energy in a circuit 
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consisting of a source, a motor and conduct 
ing Avires. 

The E. M. F. of the battery or source 
is represented by E. The resistance of 
the battery by the length O Ay the resist- 
ance of conducting wires by the lengths 
^1 B and C D^ and the resistance of the 
motor by the length B C. Then, if e f\ 
represents tlie back pressure oi the motor 
due to its rotation, the pressure in the cii- 
cuit will follow the line o ah f e c D. If 
O o, represents 10 volts, A,l ohm, A B 
and I) 2 ohms each, 73 C, 1 ohm, then 
tlie total resistance of the circuit will be 
G oliiiis. Also, if the back pressure e f, 
1)0 4 volts, the total E. M. F. in the circuit 
avaihible for pi'oducing current through 
i'esisiaiic(i will be 10 — 4 = 6 volts, so that 
by Ohm's law the current strength will be 
G Nolts divided by 6 ohms = 1 ampere. 
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The activity expended in tte source will 
be 1 watt ; that in the coniluctiug wires 
■i watts; and that in the resistance of the 
motor 1 watt, making a total thermal ac- 
tivity of (j watts, and leaving an activity 
of 4 watts to be expended in the motor 
available for purpose of producing rota- 
tion. As a matter of fact, however, the 
back pressure in the motor is not devel- 
oped at any one spot, say halfway 
through its resistance, but will probably 
be developed uuifonuly through all parts 
of the resistance, and the corabiutnl effect 
of C. E. M. F. due to rotation and drop in 
resistance will be indicated by the dotted 
line h c, having a different gradient to the 
line ftj or c D. 

It will be observed that the drop in the 
battery is the difference in pressure be- 
tween R] and A a, or o. The drop in 
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the leads will be the difference in pressure 
between A a and B Z>, and between Co 
and 7), respectively. The total drop in 
the motor will be h g^ or the difference 
between B h and O c. This drop is com- 
posed of two parts ; namely, e /, due to 
rotation which would disappear when the 
motor came to rest, and which represents 
tlie C E. M. F. available for useful work, 
and the dift'erence between e f and h g^ 
whicli is the drop in the resistance of the 
motoi* with a current of one ampere. 



CHAPTER IV. 

EARLY HISTORY OF THE EI^CiTROMAONETIO 
MOTOR. 

Probably one of the most valiinble gifts 
of electromaguetic sciecce to the industrial 
■world is that of the electi'oiiiagnetic 
motor. The history of this subject is nut 
ouly interesting ou its own aecoimt, but 
also affords, perhaps, the best line that can 
be followed in the discussion of its theory. 



The electric motor, as it exists to-day, is 
a marvel of ingenuity. As a means for 
converting electrical into niecliauical en- 
ergy it cannot but be regarded as an ex- 
ceptionally efficient piece of apparatus. 



J 
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Like other great aeliievements, the electric 
motor hiis not been the product of any 
single man or nation, but is rather the 
embodiment of the life work of many able 
workei's, from many countries, through 
many veal's. As Emerson has aptly ex- 
pressed it : " Not in a week, or a month, 
or a year, but l)y the lives of many souls, 
a beautiful thing must be done." 

Since the electromagnetiq motor con- 
sists essentially of means whereby a con- 
tinuous rotary motion is produced, by the 
C(^ml)ined agency of an electric current 
and a magnet, we must regard the fii'st 
electric motor as being due to Faraday, 
who, in 1821, produced the apparatus 
sliowii in Fig. 8. Here a permanent steel 
l)ar magnet S JV, is fixed in a cork, which 
Avliolly closes the lower end of a glass 
tube. Enough mercuiy is poured in to 
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partly cover tlie maguet, Au electric cur- 
rent is caused to flow ia the neighborhood 
of the magnet, through a movable wire 
a b, 80 suspended as to be ca[)able of rotat- 




Fio. 8.— Thb First Elect homaghetic Motob. 

ing its lower extremity about the axis of 
. the tube. Under the combined action of 
the curreut and the magnet, a contiuu- 

oua rotary motion ia produced. The 
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directioD of this motion depends upon tlie 
direction of the current, as well as on 
tlie polarity of tlie magnet ; that is to say, 
if the motion be right-Tianded, or clock- 
wise, when the current is in one direction 
through the wire, it will be left-handed, 
or counter-clochioise, if the direction 
of current be reversed. Similarly, a re- 
versal of the polarity of the magnet, will 
revei'se the direction of the motion. The 
current passes through the conductor in the 
upper cork to the hook a, thence through 
the movable wire a h, and out, by means 
of the mercury and the lower conductor. 

Let us inquire into the cause which pro- 
duces the electromagnetic rotation in the 
case of tlie simple apparatus shown in Fig. 
8. To do this, a brief examination into 
the elementary principles of magnetism 
will be necessary. 
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We have expenmeatal knowledge of the 
fact that magnets possess the power of 
matual attraction and repulsion, at sensible 
distances from one aiiutlier. It would 
seem at first sight, that magnets possess 
the power of producing action at a dis- 
tance, without the presence of any inter- 
vening mechanism, or connecting medium, 
but this doctrine is now totally discredited. 
Indeed, it can be shown that a certain 
influence emanates from the magnet, so 
that a magnet is a piece of visible matter 
accompanied and surrounded by an in- 
visible influence, which must be regarded 
as a part of the magnet itself. More- 
over, the invisible part is niuch larger 
than the visible pai-t. This invisible 
part, or magnetic fi^dd, may be described 
aa a region traversed by an emanation 
called mugnetiG jinx. The existence of 
this flnx is shown either by the action 
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exerted upon a movable compass needle, 
when bi-ought into or out of the field, 
or by the power it possesses to cause 
iron filings to align tliemselves in definite 
directions. In Fig. 9, the dti'ectiou of the 
flux paths is shown by means of the gron|> 
ings of iron filings which have been 
ispnnkled on a gliiss plate placed over a 
bar magnet. 

Regarding the grouping of filings as 
indicating the paths of magnetic flux, in 
the plane of the glass plate, it will be 
seen that curved chaina of filings connect 
the two ends iV, and S, of the magnet, 
although in the outlying portions of the 
figure the interconnection of these lines 
is not shown. We know, however, that if 
the figure were large enough, all the lines 
would be found to form complete closed 
paths. Moreover, it can be shown .that 
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this flux not only occupies the space out- 
side the magnet, but also penetrates its 
substance, and that, in fact, each flux path 
fonns an endless chain, passing through 
both the substance of the magnet and the 
reirion outside the masmet. The question 
naturally arises whether the magnetic flux, 
or at least that part of it • which lies out- 
side the magnet, is not due to the presence 
of the air or other gross medium occupying 
this space. This, however, is not the case, 
since the same phenomena occur if a 
vacuum exists outside the magnet, that is 
to sav, if the masmet be enclosed in a 
chamber exhausted by an air-pump. 

Tliere is, however, a medium called the 
iihlr&i'Hdl etJi.er^ which, as can be shown, 
does fill this, as well as all other space. 
Tin* uii'-[)Uinj) is unable to remove this me- 
dium, since it can readily pass through the 
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substance of glass or of any other kno\>Ti 
material. Although the exact nature of 
magnetic flux is unknown, yet it is con- 
venient, for purposes of explanation, to 
assume that it consists of a streaming motion 
of the ether ; the curved lines, occupied 
by the iron filiugs, corresponding to the 
stream-lines or lines in which the ether is 
flowing. 

Since a flow necessitates a motion in a 
definite direction, it is conventionally as- 
sumed that the ether streams; i. e,, the 
mxtgnetic fluXj issue from the magnet at its 
north pole ; namely, the pole which would 
point northwards, if the magnets were 
freely suspended, and after having passed 
through the region outside, returns into the 
substance of the magnet at its south jwie, 
then passing through the substance of the 
magnet and reissuing at its north pole. 
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lose its iiiagneficr properties, aud anything 
which enables the magnet to again pro- 
duce this flux, will enable it to regain its 
magnetic pi-opei-ties. Since a magnetized 
bar of hardened steel retains its magnet- 
ism for an indefinite time, we assume that 
it possesses the power of indefinitely pro- 
ducing the ether motion. This could ex- 
ist without loss of enei'gy if we assume, as 
we believe to be true, that ether is a fric- 
tionless fluid. 

But there are other ways of setting up 
streaming ether motion ; ■/. e., jiroducing 
magnetic flux around gross matter. If an 
electric conductor, say a copper wire, has 
an electric current passed through it, the 
streaming ether motion will be set up in 
concentric cii-cles around it. The pi-esence 
of tliis circular magnetic flux may be 
shown by groupings of iron fliings ob- 
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tained in a similai' manner to" tliat de- 
scribed in the case of the bai- magnet and 




Active Uo.nductqr, 



r: 

^K case of an active wive are shown in Fig. 
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been placed perpend iculavl}' to a veitical 
wire while an electric current is passing 
through it 

The ciicular magnetic flux, pi-oduced 
around an active coudiictur by an electric 
current, like the flux produced by a per- 
manent biu" magnet, has a definite direction 
dependent on the direction of current in 
tlte wire. If the current be considered to 
pass through the >vii'e away from the 
observer, the magnetic streamings around 
the conductor will have the f^anie direction 
as that of the hands of a watch, as seen by 
an observer facing them. Reversing the 
direction of the current will revei-se the 
direction of the streamings. The stream- 
ings cease as soon as the current ceases. 
lu other woixls, the magnetic flux around 
a wire is dependent upon the existence of 
the electric current. 
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joli tile \\ ire, .so that maornetic flux 
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streams around it, tlieii the interactions of 
the two magnetic fluxes produce a ten- 
dency to move the conductor across tlie 
magnetic flux from the magnet, and, con- 
sequently, cause the wire to move in a 
circular path around the magnetic pole. 
The combination, tlierefore, of an active 
conductor and an independent magnetic flux, 
constitutes a simple electromagnetic motor. 

As is well known, action and reaction 
are always equal and opposite, so that 
if the magnet pulls the wire around 
it through the medium of the inter- 
actino* mao:netic fluxes, the wire is also 
producing a pull on the magnet. Conse- 
quently, if the wire be fixed and the mag- 
net be free to move about its vertical axis, 
it may be made to rotate. This was 
actually done by Faraday, and others after 
him, in a variety of apparatus. 
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Feeble as was tlie early motor of Fara- 
day represented in Fig. 8, yet it essentially 
embodied the pnnci[>lcs of the most com- 
plex, powerful and efficient electromag- 
netic motors <if to-day, and a compi-ehen- 
sion of tlie principles involved in tliis 
simple motor gives the clue to the action 
of all modein motois. 

Fig. 12, represents a modified foim of 
the early motor shown iu Fig, 8. Here the 
electric curient passes from the bivse of the 
instrument through the vertical bar mag- 
net A B. The metallic support D, has 
pivoted at its upper extremity a delicately 
suspended rectangular conductor E F, 
which has its two free ends dipping into 
a circular trough of Tuercuiy. The current 
divides thivugh this rectangular loop, pass- 
ing down through A'aud F. Under these 
circumstances, a contitmous rotary motion 
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The fact that magnets exliibit mutual 
attractions and repulsions for one another, 
was known from the dawn of magnetic 
science, before the Christian era, and tlie 
idea of obtaining meclianical motion from 
magnets natui'ally originated at, perliaps, 
an equally early date. Continuous motion 
was, and still is, impossible with perma- 
nent magnets, for the reason that Avhen a 
magnet has attracted either a piece of iron, 
or another magnet, it cannot again repel 
the same unless its magnetism is reversed, 
and no means for reversinsr mai^netism 
were known, until the magnetic properties 
of the electric current were discovered. 

Although Faraday was the first to pro- 
duce a continuous electromagnetic rotation, 
ami is justly entitled to the honor of pri- 
ority, yet the princi[)le which lie adopted 
was that discovered by Oersted in 1819. 




Oersted's discovery not only sTiowed how a 
magnet could be produced by au electric 
current, but also, for the first time in the 
history of science, afforded the means of 
I'evei-aing at will tlie direction of mag- 
netism, and thus obtaining a eontiniiou3 
rotary motiou. 



Oersted sliowed that when au electric 
[ circuit ^vaa completed, the circuit thereby 
acquired magnetic properties, and pos- 
sessed the power of attracting or repelling 
magnets brought into its vicinity, the ten- 
dency of such attraction or repulsion being 
J-to cause a maguet to set itself at right 
I angles to the electric current. The ap- 
l.paratns for demonstrating this important 
I principle consists essentially of a wire AJi, 
Icariyiag a current, and brought into the 
■■Tieimty of a freely suspended liorizontnl 
vcompass needle, as shown in Fig. 13. As- 




' ^>oii as tlie cor- 
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rent flows through the wire, the needle 
will be deflected and will tend to occupy a 
position at right angles to the wire. On 
the cessation of the current in the wire, 
the needle returns to its original position 
under the influence of the earth's magnet- 
ism. The direction in which the needle 
is deflected will depend upon the direction 
of the electric current. If we reverse the 
direction of the current in the wire, we re- 
verse the direction of deflection in the 
needle, because we reverse the direction 
of the magnetic flux passing around the 
wire. Also, if we obtained one direction 
of deflection when the wire is held above 
the needle, the opposite direction of deflec- 
tion will be obtained when the wire is held 
beneath the needle. The cause of these 
phenomena is due to the mutual action of 
the flux produced by the needle and that 
produced by the current in the wire, an hich 
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A Lorse-shoe magnet jV 'S, produces a 
nagnetic flux, wliicli acting in conjunction 
ivith the flux protluceil by the current 




Fiu. 14.— Bari 




through the star wheel, produces a con- 
tinuous rotation of the hitter. Here that 
part of the wheel lying between its axis 
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The iiiefhauical activity developed in a 
motor, neglecting frictional l<fsse.s, is equal 
to the product of the current atreugtli in 
amperes, passing tlirougli the motor, and 
tiie C. E. M. F. ill volts developed by tlie 
motor throngh its rotation. The star wheel 
represented iri Fig. 14, produces a C. E. M. 
F. when it coinmeiicea to turn, and to this 
extent the rotating motor tends to act as a 
dynamo-electric machine, or source of E, 
M. F. It is a general law, discovered 
by Faraday, that ivhen an electric con- 
ductor is moved across a magnetic flux, 
an E. M. F. is developed in the con- 
ductor, whether a current be flowing 
through the conductor or not. Conse- 
quently, \vlien the spui-s of the star wheel 
rotate under the influence of the force pro- 
duced by the mutual interaction of the 
fluxes of the magnet and the current, 
generally called the elect ro-'hj mimic force, 
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the ntntiun of tlie ; 



thrniieh the flux 




posed, to the dii-ection of the current in 
them. The proiluct of this C. E. M. F. 
and the current strength, is eijual to the 
activity developed by the wheel. 

Any electric motor is, therefore, capable 
■ of acting as a dynamo, if, instead of being 
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di'iven l)y tlie current, it ii^ moved by 
meeliaiiical force. lu fact no electrouiag- 
netic motor can operate unless it be cap- 
able, under, the circumstances, of acting 
as a dyuanio, since, otherwise, the motor 
would be imable to absfirb or take activity 
from the cii-cuit. This fact, however, was 
not discovered until 1831, when Faraday 
produced what was, in realitv, the first 
dynamo-electric generator designed for 
purposes of producing electi-omotive forces 
in tliis manner. 

Faraday's early apparatus is represented 
in Fig. 15, Here a disc of copper is so 
luoiiuted as to be capable of rotation be- 
tween the }H)les of a horse-shoe magnet. 
Under these circumstance^, K. M. F's. will 
be set up in the disc, between its centre 
and edge, and these E. M. F's. may be 
caused to produce a current in an external 
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1lX> the electric »>tor A:3n> 

circuit l>v meaus of ct>llectors. one con- 

necteil with the axis of tlie disc, and the 

other with it< [periphery. The direction 

of these E. M. Ps. will dej^ud both on 

the direction of rotation of the disc and on 

the jx>sition of the jK>les of the magnet. 

KeversiuiT either the iK^laritv of the maor- 

net, or ivvei"sing the direction of rotation, 

will reverse the direction of the E, M. F. ; 

and, consequently, the dii-ection of the cur- 

i-eut supplieil to the external circuit, but it 

always hapi^ns that the diivction of the 

E. M. F. which is develoj^ in such a 

maohiiie, or indeeil, in any motor, when 

rotated by electromagnetic forces supplied 

bv a current, is opix>sed or coimter to the 

direction of the driving current. 

If, tlierefore, instead of rotating the 
wlie^'l sliown in Fig. 16, it be left at 
leist, and an electric current from an 
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external source be sent tlirougli it in tLe 
dii-ection of the an-ows, then, under the 
influence of the electro-dynamic foi-ce a 





rotation of the wheel will be produced in 
the opposite direction to that represented 
by the arrow. 
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^hajH J i 0^ res. woiiud with insulateil 
v'\>i>por \\i'. S :oli a magnet acquires its 
inaunoti<m :/.:U''<r iu<tautly on the passage 
of au t^Kvtru' vMinvur, and almost instantly 
It wlioii the oun-ent ceases. It is 
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tlma capable of becoming niJignetizei! and 
fleniagDetized with gi'eat rapidity. The 
iiiagiieta in the outei" frame were kept per- 
manently excited by a steady electric cur- 
rent from the l)attery. Between these 
frames a wooden star wlieel ^vas supported 
on the axis a a. In tlie spurs of this 
star wheel were mounted the sis sets 
of electromagnets s, s, s, s, «, s. Tlie in- 
sulated wires leading to these bar mag- 
nets were connected with the comiuutating 
apparatus c, in such a manner that the 
brushes h, ?t, resting on the commutator 
disCj supplied an electric current to the 
rotating magnets from the battery. As 
soon as the current was supplied to the 
star wheel magnets, they attracted the 
fixed electromagnets in their vicinity and 
pulled around the star wheel to meet 
them, but just as they came opposite to 
one another, the rings C, reversed the cur- 
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le pi:', ijal «•! the operation of the 
)i ni«u"r liiay, peHiaps, be better un- 



dei'stood by an examination of a motor de- 
siyiii'd l^y Ritcliip, wliicli (.)[ifi';ites on the 




pi-eceding principles. Ritcliie's motor is 
shown in Fig. 17. Here a movable elec- 
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and the point dipping^aittb the mercury 
cup corresponds to the* movable wire 
shown in Figs. 8 and 13. Instead, Ijowever, 
of the same wire, or wires, being continu- 
ously acted on, different portions or teeth 
of the star wheel are continuously acted on. 
As before, the dii*ection of motion is at 
right angles to the magnetic flux produced 
between the poles of the horse-shoe. 

A modification of Barlo^v's Avheel was 
shortly afterward - made by Sturgeon. 
Here a continuous disc, instead of a star 
Avheel, was employed for the moving pai't. 

None of the early motors, so far de- 
scribed, were capable of exerting much 
activity, but such activity as they did 
exert, was derived, as in the case of all 
(*l(H*tric motors, from the source supplying 
their driving current. 
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The meohauical activity developed in a 
motor, neglecting fi-ictional losaes, is eqnal 
to the pi-oduct of the cui-reut stiength in 
amperes, passing throiigli the motor, and 
the C. E. M. F, in volts developed by the 
niotor througli its rotation. The star wheel 
repi-esented in Fig. 14, produces a C. E. M. 
F. when it commences to turn, and to this 
extent the rotating motor tends to act as a 
dynamo-electric macliine, or source of E. 
M. F. It is a general law, discovered 
by Faraday, that when an electric con- 
ductor ia moved acrofis a magnetic flux, 
an E. M. F. is developed in the con- 
ductor, whether a current be flowing 
I through the conductor or not, Conse- 
I quently, when the apura of the star wheel 
I rotate under the influence of the foi-ce pro- 
I dueed by the mutual interaction of the 
I fluxes of the magnet and the current, 
leneraUy called the electro-:! ijimmic force, 
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the inntioii of tlie spin's tlimugb tlie flux 
pnxlii.-,-.! 1,^ 111.. ina^iiH, r,l;,hlU]h-s in {W 

. :iii i;. \l 1-, 
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posed, to tlie direction of the current in 
them. Tlie product of thia C. K M. F. 
and the ciirreut strength, is equal to the 
activity developed by tlie wheel. 

Any electric motor is, therefore, capable 
of acting aa a dynamo, if, instead of being 
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driven ^>y tbe curitnt, it is moved l)y 
mechanical force. In fact uo electi-oniag- 
netie motor can operate iinlesa it be cajj- 
able, under the circumstaiices, of actlug 
as a d}Tianin, since, otherwise, tbe motor 
wouhl be unable to absorb or take activity 
from the cireuit. This fact, however, was 
not discovered until IS^l, wlien Faraday 
produced what was, in reality, the first 
dynamo-electric generator designed for 
puiposes of producing electTOinotive foi'cea 
in this manner. 

Faraday's early apparatus is represented 
in Fig. 15. Here a disc of copper is so 
mounted as to be capable of rotation be- 
tween the pides of a hoi'se-slioe magnet. 
Under these circumstances, E. M. F's, will 
be set up in the disc, between its centre 
and edge, and these E. M. F's. may be 
caused to produce a current in an external 
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r\^Ta:rNi * y r>r:r;:-:.itr::'e:>f f<>w^s supplied 
]»v a vurrvr:, :> inK>?^i or ocHuiter to the 

If, iIk^vA^iv, :!:>:r-a»l i»f n>tatin«r the 
whfA <li'»w!i in FiiT. 1^, it be left at 
ivst, aii'l au elei.*trio current from an 
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exteroal source be sent through it ju tlie 
dii-eetion of the arrows, then, under the 
influence of the electro-dynamic force a 





Fio. 18,— jACoBi'a Electril' Motob. 

rotation of the wheel will be jiroduced in 
the opjiosite direction to that represented 
by the anow. 
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thu3 capable of becomiiig iiiagnetizeil aod 
deiiiagDetizeil U'ith great lapitlitj'. Tbe 
iiiaguets in the outer fi'ame were kept per- 
manently excited by a steady electric cur- 
itint from tlie battery. Between these 
frames a wooden star wheel was supjjoi-ted 
on the axis ft a. In the hiuhs of this 
star wheel were nioiiiited the six sets 
of electiTimagnets s, s, s, s, s, s. The in- 
sulated wires lending to these bar mag- 
nets were connected with the commutating 
apparatus c, in such a manner that the 
brushes h, h, resting on the conunntator 
disc, supplied an electric current to the 
rotating magnets from the battery. As 
soon as the current was sujiplied to the 
star wheel magnets, they attracted the 
fixed electromagnets in their vicinity and 
pulled around the star wheel to meet 
them, but Just as they came opposite to 
one another, the rings C, reversed the cur- 



■".▼> 



jTit ""^rr jzjsrnrn' urrrm. .±:fi 






•elr^rrrv iiixT^-Ts ;liij>^l .c i ::»Ti5ci: frame. 
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•IriviL^' ■>: A it:l::!:z y-r^e-^iSw ao-l to the 
• •j«r!:i:::«!i <z a >!!iiCl m >it"l *>i a circular 
rail^vay. whiob he rxh:bi:e».l at Springfield, 
Mass. ' 

The principal of :!:e oj^fration of the 
Jacobi motor may. jtrrbaps, be better un- 
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deratood liy an examination of a motor de- 

%uwl l.y RItclii.-. wliicli Mi.enite.s on llie 




preceding jarinciplea Ritchie's motor is 
shown in Fig. 17. Here a movable elec- 
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and the point dippingjiflto tlie mercury 
cup corresponds to the* movable wire 
shown in Figs. 8 and 13. Instead, Ijowever, 
of the same wire, or wires, being continu- 
ously acted on, different portions or teeth 
of the star wheel are continuously acted on. 
As before, the direction of motion is at 
right angles to the magnetic flux produced 
between the poles of the horse-shoe. 

A modification of Barlow's wheel was 
shortly afterward' made by Sturgeon. 
Here a continuous disc, instead of a star 
Avheel, was employed for the moving part. 

None of the early motors, so far de- 
scribed, were capable of exerting much 
activity, but such activity as they did 
c\'(M"t, was derived, as in the case of all 
clt'ftric motors, from the source supplying 
tlieir driving current. 



The meehauical activity develojied in a 
motor, neglecting frictional losses, is equal 
to the proiluet of the curreut strength in 
aiu]»eres, passing thioiigh the motor, and 
the C. E. M. F. ill volts developed by the 
motor thi'oiigh its rotation. The star wheel 
represented in Fig. 14, produces a C. E. M, 
F. when it commences to turn, and to this 
extent the rotating motor tends to act as a 
dynamo-electric machine, or source of E. 
M. F. It is a general law, discovered 
by Faraday, that ^vhen an electric con- 
ductor is moved across a magnetic flux, 
an E. M. F. is developed in the con- 
ductor, wliether a current be flowing 
through the conductor or not. Conse- 
quently, when the spui^s of the star wheel 
rotate under the influence of the force pro- 
duced by the mutual interaction of the 
fluxes of the magnet au<l the current, 
generally called the etecti'o-'Jijnamic force, 



IVt 





Fia;. IS. H<-tv. twv. o.v 
iKtrtvd in tW $a(iie vt r : 




THE TRANSMIRSIOS OF POWKR. 99 

di'iven Ijy tliu ciirroiit, it is moved by 
mecbauictil furce. lu fiUit uo electromiig- 
netic motor can operate unless it be cap- 
able, iiiKler, the circumstance;^, of acting 
as a dynamo, since, otherwise, the motor 
would be unable to absorb or take activity 
from the circuit. Tiiis fiict, liowevei', was 
not diacovered until 1831, when Faraday 
produced what wns, in reality, the fii-st 
dynamo-electric generator designed for 
pui-poses of producing electromotive forces 
in tills mnuiiei'. 

Fai'adiiy's early apparatus i,s I'epresented 
in Fig. 15, Here a diHc of copper is so 
mounted as to be capable of rotation be- 
twaen the poles of a horse-shoe magnet. 
Under these circumstances, E. M. F's. will 
he set up in the disc, between its centre 
and edge, and these E. M. F's. may be, 
paused to produce a current in an external 



9 146 to, 




1 

i 




in lS4i tlty^iiiT""! i!io motor ?h.>uii in 

Fig. IS, IK-iv, iwo«v»xi.Hl iron rings are 

iPjKirtwi in the sauw vertical plane. The 
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H external soui-ce be seut through it in the 




M (.lirectiou of the ari'ows, then, under the 




1 influence of the electro-dynamic foree a 
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H rotation of the wheel will be pi-odiiced in 




H the opposite direction to that represented 
H by the arrow. 




^ 


i 



r 



1 ELEOTBIO MOTOB AND 

ciivuit by means of collectors, one con- 
nected with tile axis of tlie disc, and the 
other with its peri[)hery. Tlie direction 
of these E. M. F's. will depend both on 
the direction of rotation of the disc and on 
the position of the poles of the magnet. 
Reversing either the polarity of the mag- 
net, or reversing the dii'ection of rotation, 
will revei'se the direction of the E. M. F. ; 
and, consequently, the dii'ection of the cur- 
rent supplied to the external circuit, but it 
always happens that the direction of the 
E. M. F. which is developed in such a 
machine, or indeed, in any motor, when 
rotated by electromagnetic foi-ces supplied 
by a current, is opposed or counter to the 
direction of the driving current. 

If, therefore, instead of I'otating the 
wheel shown in Fig. 16, it be left at 
rest, and an electric current from an 
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tlms capable of becoming magnetized and 
demagnetized witli gi-eat rapidity. The 
magnets in the outer frame wei'e kept per- 
manently excited by a steady electric cur- 
rent from the batteiy. Between tbese 
frames a wooden stai' wheel was siippfirted 
on the axis a a. In the Rpurs of this 
star wheel were mounted the si.x sets 
of electi-omagnets s, s, ,% s, s, s. The in- 
sulated wires leading to these Ijar mag- 
nets were connected with the commutating 
apparatus c, in such a ujanner that the 
brushes k, 1i, resting on the commutator 
disc, supplied an electric current to the 
rotating magnets from the battery. As 
soon as the current was supplied to the 
star wheel magnets, they attracted the 
fixed electroniagnets in their vicinity and 
pulled around the star wheel to meet 
them, but just as they came opposite to 
one anothei', the I'lngs C, reversed the cur- 
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"WItlinut attfiiii>tiiig to (rnce fully the 
griulual developiiienta of the elect rii; 
motor, it suffices to aay that oue of tlie 
earliest practical motors waa produced by 
Jacobi in 1834, aud pei-fected in 1838, 
This motor is intei'eatiiig from a historical 
standpoint, from tbe fact that in its im- 
proved form it. was employed for the pro- 
pidsion of a boat on the river Neva, in 
1838. In this case the motor was driven 
by a voltaic battery, 

Jacobi'a elective motor is represented 
iu Fig. 16. Here two vertical, parallel 
frames of ^^'ood, support a number of 
Jwrse-shoe electromagnets ; i. e., hoi'se-shoe- 
shaped iron cores, wound with insulated 
copper wiie. Sucli a magnet acquires its 
magnetism almost instantly ou the passage 
of an electric current, and almost instantly 
loses it when the current ceases. It is 



1 



s. It is J 




(lei'stood by an exariiiuatiou of a motor de- 
s;l;iii.,1 l,y Uitcliip, wliirli opci'atc^ on tlie 




preceding principles. Ritchie's motor is 
shown in Fig. 1 7. Here a moFable elec- 
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and the point (lippmgj-ktto .the mercury 
cup corresponds to the- movable wire 
sliown in Figs. 8 and 13. Instead, Ijowever, 
of the same wire, or wires, being continu- 
ously acted on, different portions or teeth 
of the star wheel are continuously acted on. 
As before, the direction of motion is at 
right angles to the magnetic flux produced 
between the poles of the horse-shoe. 

A modification of Barlow's Avheel was 
shortly afterward • made by Sturgeon. 
Here a continuous disc, instead of a star 
Avlieel, was employed for the moving part. 

None of tlie early motors, so far de- 
scril)cd, were capable <.)f exerting much 
activity, })ut such activity as they did 
(^\(M•t, \vas derived, as in the case of all 
t'lt'c(ric motors, from the source supplying 
their driving current. 
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Thei 



icLanical activity developed in ; 



motor, neglectiug frictioDal l<jsses, is equal 
to the product of the current strength iii 
amperes, passing through the motor, and 
the C. E. M. F. in volts developed by the 
motor throiigli its rotation. The star wheel 
represented in Fig. 14, produces a C. E. M, 
F. when it commences to turn, and to this 
extent tlie rotating motor tends to act as a 
dynamo-electric machine, or soui'ce of E, 
M. F. It is a general law, discovered 
by Faraday, that when an electric con- 
ductor is moved across a magnetic flux, 
an E. M. F. is developed in the con- 
ductor, whether a current be flowing 
tlu-ough the conductor or not. Conse- 
quently, when the spure of the star wheel 
rotate under the influence of the foi-ce pro- 
I duced by the mutual interaction of the 
fluxes of the magnet ami the cuiTent, 
generally called the elect r(i-ihj)iLimic force, 
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The next imiM>rtaiit development, his- 

f'-ri'-Jillv, WW that ma-lf hv Elias. who 




ill 1H42 (Icsti^tied tlie motor shown in 
Kii,'. IS. lloro, two ooaxial iron rings are 
supporttnl ill the same vertical plane. The 
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driven bj' the cuiTeiit, it is tiiovtd by 
mechanical foi'ce. lu fact uo electroumg- 
netic motor can operate unless it be cap- 
able, under, the circiiiiistauces, of acting 
as a dynamo, since, otherwise, the motor 
would be unable to alisorb or take activity 
from the circuit. This fact, however, was 
not discovered until 18Jil, when Faraday 
produced what was, in reality, the fiist 
dynamo-electric generatoi" designed for 
pni'poses of producing electromotive forces 
in thiw manner. 

Faraday's early apparatus is represeuteil 
iu Fig. 15, Here a disc of copper is so 
mounted as to be capable ()f rotation be- 
tween the poles of a horse-shoe magnet. 
Under these circumstances, E. M. F's. Aviil 
be set up in the disc, between its centre 
and edge, and these E. M. F's. may be 
caused to produce a current iu an external 
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The brushes B, B, rest ujiou tLe oom- 
luutator, ami supply the curreut to ilie 
amiature from t4ie maiD termiuals 2J T, 




1.— BiPOiJiR Electric Motor. 



iu such a manner as to proiluce in it two 
poles, /( and s, midway between the poles 
N and S, of the field magnet. Tlie arma- 
ture is, therefore, pulled ai-oimd in the 
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external soui'ce be sent through it in the 
direction of the arrows, then, under the 
influence of the electro-dynamic force a 





rotation of the wheel will be produced in 
the opposite direction to that represented 
by the arrow. 
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electro-dynamic force as the torque^ a word 
derived from the Latin verb to twist. Sup- 
pose the electro-dynamic force of the motor 




TTO^ 



w 




Fig. 22.— TouQrE Exerted upon Shafts by Weights 
Suspended over a Pulley. 

were capable of exerting a twist or torque 
about the axis of the armature, represented 
by the i)ull of 100 pounds' weight, sus- 
pended over a pulley P^ Fig. 22, 1 foot in 
radius ; then it will be evident that if the 
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thus capable of becoming iniignetizeil mikI 
deiiiagnetizetl with great I'apiditj'. The 
magnets in the outer frame were kept per- 
manently excited by a steady electric cur- 
rent from the ijatteiy. Between these 
frames a wooden star wheel w-as siippoi-ted 
on the axis a a. In the spurs of this 
star wheel were mounted the six sets 
of electromagnets s, s, s, ^, s, s. The in- 
snlated wires leading to these bar mag- 
nets were connected with the eoramutating 
apparatus c, in such a maimer that the 
brushes h, //, resting on the commutator 
disc, supplied an electric cnrreut to the 
i-otating magnets from the battery. As 
soon as the current was supplied to the 
star wlieel magnets, they attracted tlie 
fixed electromagnets in their vicinity and 
pulled around the star wlieel to meet 
them, but just as tbey came opposite to 
one another, tlie rings C, reversed the cur- 




124 



THE ELECTftlC MOTOU AND 



were mounted side by side on the same 
shaft, and the weights W and W, sus- 
pended from their peripheries on opposite 
sides, the torques exerted would be equal 





Fig. 24. — Diagrams op Torque. 

and opposite, or the shaft would remain in 
equilibrium, as in Fig. 23. 



Fig. 24, represents a torque of 20 pounds- 
feet, acting about the axis of each of the 
three pulleys P^ I\^, and P^; for, at Pj, we 
have a force of 40 pounds' weight acting 
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(lerstood Iiy an exammatioii of a motor de- 
UitL-liir, wliicli o|ifmt(.'s on ttie 




preceding prineiplea. Ritchie's motor is 
shown in Fig. 17. Hei-e a movable elec- 
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and the point dippingj-itrto tlie mercury 
cup corresponds to the* movable wire 
shown in Figs. 8 and 13. Instead, Ijowever, 
of the same wire, or wires, being continu- 
ously acted on, different portions or teeth 
of the star wheel are continuously acted on. 
As before, the direction of motion is at 
riglit angles to the magnetic flux produced 
between the poles of the horse-shoe. 

A modification of Barlo\v's Avheel was 
shortly afterward' made by Sturgeon. 
Here a continuous disc, instead of a star 
wlieel, was employed for the moving pai't. 

None of the early motors, so far de- 
scribed, were capable of exerting mucli 
activity, but such activity as they did 
excM't, Avas derived, as in tlie case of all 
electric motors, from the source supplying 
their driving current. 
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Tlie iiieL-liiuiical activity developed iu a 
motor, ueglectiag frictiurml losses, is equal 
to the product of the cuiTeut strength in 
amperes, passing through the motor, and 
the C. E. M. F. ill volts developed by the 
motor through its rotation. The star wheel 
represented in Fig. l-l, produces a C. E. M, 
F. when it commences to turn, and to this 
extent the rotating motor tends to act as a 
dynamo-electric macLiue, or source of E. 
M. F. It is a general law, discovered 
by Faraday, that when an electric con- 
ductor is moved across a magnetic flux, 
an E. M. F. is developed in the con- 
ductor, whether a current be flowing 
through the conductor or not. Conse- 
qnently, when the spiii-s of the star wheel 
rotate under the influence of the foree pro- 
duced by the mutual interaction of the 
fluxes of the magnet and the cm'rent, 
irally called the elect ro-dijnamic force, 
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(li,>ue i>er sfcanJ, uill be etiiial to tbe prod- 
iR't of the toixjue ami 6.2832 times tlie 
number of revolutions par secoml. Thus, if 



1 




a motor, exerting a steady toi-que of 50 
pounds-feet, runs at 1,200 revolutions a 
minute, or 20 revolutions per second, the 
activity may be reckoned directly as 50 X 
6.2832 X 20 = 6283.2 foot-pounds p^^^^ 
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(.li-iven l)y tlie ciiiTtMit, it is moved by 
mechanical force. In fact no electromag- 
netic motor can operate nnless it be cap- 
able, under the circiimstftnces, of acting 
as a dynamo, since, otherwise, the motor 
woukl be nnable to absorb oi" take activity 
from the circuit. Tliis fact, howevei', was 
not discovered until 1831, when Fai'aday 
produced what waa, in reality, the first 
dynamo-electric generatoi- designed for 
purposes of protbicing electromotive forces 
in this inaniitT. 

Faraday's early apparatus is represented 
in Fig. 15. Here a disc of cop[ier is so 
mounted as to be capable of rotation be- 
tween the poles of a horse-shot! magnet. 
Under these cii-cumstaaces, E. M. F's. will 
be set u[) iu the disc, betu'een its centre 
and edge, and these E. M. F's. may be 
caused to produce a current in an external 
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K. M. F. ' '. '. '- ':--'. [r-vl in <iioli a 
III?!.'-:;::.-. :■ :.. '— ^i. ::. t\i.v itiotur, Avlieii 

m 

rll^ar^-.l l.y mV-.:!' i.iaLriierio foix^es supplied 
hy a riiiTHrir, is «»p[H>s«r«l or counter to the 
direction r»f tlu- drivinir current. 

If, (liercfoi-e, insfead of rotating the 

el shown in Fi<,^ 10, it be left at 

and an ehrlric cui'ivnt from an 
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exterual source be sent thruiigb it in the 
diitJOtioD of the aiTows, then, under the 
influence of the electro-dynamic foree a 





_Pir.. 10.— Jacoi 



rotation of the wheel will be produced in 
the opposite direction to that represented 
by the an-ow. 
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tlma capable at beooming iiiiignetized and 
demagnetized \vith great rajiidity. TLe 
magnets in the outer frame were kept per- 
manently excited by a steady electric cur- 
rent from the l)attery. Between these 
frames a wooden star ivlieel was supported 
on the axis a a. In tlie spurs of this 
star wheel were mounted tlie sl.x sets 
of electi-omaguets s, s, 8, s, s, s. The iu- 
snlated wires leading to these Ijar mag- 
nets were connected with the commutating 
apparatus c, in such a mauner that the 
brushes h, h, resting on the commutator 
disc, supplied an electric current to the 
i-otating magnets from the battery. As 
soon as the current was supplied to the 
star wheel magnets, they attracted tlie 
fixed electromagnets in their vicinity and 
pulled around the star wheel to meet 
them, hut just as they came opposite to 
one another, the rings C. I'eversed the cur- 
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praotioally the same as that of air, and is 
not iiffeoteil bv the quantity of flux which 
passes thivugh it. In the case of iron, 
lunvever, the nuignetio reluctance is very 
small as compaivd with air, provided the 
magnetic flux through it is not very dense. 
When, however, the magnetic flux is very 
poworfuKso that a givat number of maxwells 
pas-i through each square inch of cross- 
sectional area, the iRMi is said to become 
nHUjthtii'alhj s(fff(rafeJ, and then offei's a 
greatly increased reluctance. Thus, at a 
density of 5,000 maxwells-per-square-centi- 
metre, which is connnonly called a density of 
r),()0(> f /</ /^s.sv w, the gauss being the tmit of 
nuupufic density^ the reluctance of a cubic 

continietre of iron is only about fh 

^ 2,000^" 

tliat of the reluctance of a cubic centimetre 

of air; but at a density of 16,000 maxwells 

per-s(|uarecentimetre, or at 16,000 gausses 
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/. €., 16 hilfigaiimes, the reluctaiu^t (if 
cubic centimetie of soft iion iii; 



ay be tb 



that of ail'. The etpeci^c rdvciairce of iron 
in teiTiis of aii" ; /. c, its reluctivity, varies 
with the density of the flux passing through 
it, and also with the quality of the iron. 
The density of dux usually eniphiyed in 
motoi-8 containing cast iron in tlieir magnetic 
cii'cuit, is not more than 8,000 or 9,000 
gausses; while in motors, employing soft 
wrought iron or soft steel, the density 
which may be employed is 1 2,000 to 15,000 
gausses. There is, therefore, a considerable 
magnetic advantage in employing soft iron, 
or cast steel, in place of ordinary gray cast 
iron, in the magnetic circuits of dynamos 
and motors, since the foi'mer have a much 
lo\ver magnetic resistance. 



If, in Fig. 25, we assume that the total 
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reliR'tiiiK-f of the iron of the magnetic 
circuit be 0.003 oersted, then the total 
rehictanee in the circuit composed of iron 
inid ail", \YiIl be 0.003 + 0.002 = 0.005 
oersted, and the magnetic flux passing 
through the ciiTuit will be 

25,140 gilberts 

0.005 oei-ateds 



= 5,028,000 maxwells. 




Fig. 25, ahows that some of the mag- 
netic flux does not pass through the 
armature, but through the air on each side 
of the field magnets. All such tit i-ay Jinx 
not passing through the armature is use- 
less for the purpose of rotating the arma- 
ture, and is, therefore, called leakage jliix. 
Magnetic leakage necessarily occurs because 
there is no known magnetic insulator. An 
electric current can be restricted by the use 
of insulatore to the conductors conveying it, 
such as air, dry wood, rubber, etc., but 
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dry Avood, rubber, glass and all known 
materials except tLe magnetic metals, ctm- 
duct magnetic flux with equal facility ; i. e., 
have practically the same reluctivity. Cun- 
'aequently, some of the magnetic flux pro- 
duced iu the circuit by the M. M. F. of the 
field coils, will pass uselessly through the 
sun'ouuding air. The useful magnetic 
flux is that which passes through the 
annatuj'e. The leakage cau be reduced by 
diminishing the reluctance in the armatuie 
circuit relatively to the leluetance of the 
leakage paths surrouuding the cores. 

If the cross-section of the armature A, 
be known in sqnaie inches, the total useful 
flux passing through it may be readily 
estimated ; for, it ia usual to employ in the 
armature core a flux density of, approxi- 
mately, ten kilogausses. This is a density 
well below saturation, and, wince there are, 
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6.4516 square oeutimetres in a squai'e Such, 
tliere will be, approximately, 64,500 max- 
wells of useful flux jMissing tlirough each 
squai'e iucb of araiature sectiou, at right 
aiiglea to the course of the magnetic flux 
thmugh it. If, for example, the armatine 
core Iw 89' h>ng, ami 20' iu effective width, 
the ci-oss-sectioiial area will be 780 square 
inches, autl the probable amount of useful 
flux ciii'rieil hy the armature will be 780x 
64,500=5,030,000 maxwells. 

The tongue exerte^l by a motor armature 
(lepeuils upou three things; viz., 

(1) The useful flux passing through the 
armature in maxwells. 

(3) The current strength passing 
through the anoature in amperes. 

(3) The number of turns of wire; /. a 
the number of wires counted once around 
the surface of the armature. 
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If we multiply these three quautities 
together and divide by 85,155,000, we 
obtain the turque of the motor iu pounds- 
feet. 

If the motor shown in Fig. 21 lias a cur- 
rent strength passing through its armature 
by the brushes B, B, of 20 amperes, a total 
number of wires counted once completely 
around the surface of the armatui-e, 
amounting to 160, and a total flux passing 
through the field magnets amounting to 
5,000,000 maxwells, then the torque exei-ted 
by the armature will be 
20X160X5,000,000 __ .^ , „ ^ 

■ 85,155,000 = ^^^-^ pounds-feet. 

j If the pulley of this motor has a radius 

' of one foot, then, neglecting frictions, the 

motor should be just able to start when a 

weight of 1S7.9 pounds is suspended from 

the pei-ipbery of its pulley. 
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. It will be seen, from the foregoing, that 
the torque exerted by a motor depends 
upon the cuiTent strength passing through 
its armature. If we cut off the curi-ent 
from the armature, thei-e will be no torque 
exerted by the motor, even though the 
field maOTets be fullv excited and their 
maximum magnetic tlux produced. This 
must evidently be the case, since the cause 
of the electro-dvnamic force is the mutual 
interaction of the field flux with the flux 
produced by the current through its anna- 
ture wires, and the latter ceases on the 
cessation of the current. 

We may now inquire into the causes 
which determine the speed of a motor. 
Let us suppose, for example, that the 
motor shown in Fig. 21, has its field mag- 
nets excited from some independent source, 
so that the amount of flux which passes 
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through the armature may be regarded as 
constant, and equal to, say, 5,000,000 
maxwells. If the armature be connected 
through its brushes, B, B, with a constant 
electric pressure, say, for example, with a 
pair of mains having a constant pressure of 
10 volts, then the current strength, which 
will tend to pass througli tlie armature, will 
be controlled by Ohm's law. Thus, if the 

resistance of the armature A\ere ^Tvth of 

an ohm, the current strength, which would 
tend to pass through the armature at rest, 

would be 10 volts divided by -7- th ohm 

* 10 

= 100 amperes. If the number of wires 
upon the surface of the armature be 100, 
counted once around, we have seen that the 
torque exerted by the armature, with this 
current strength, will })e 

lOOampereg X 5,000.000 maxwells X 100 wires ^^ g ponnde-feet 

85,155,000 
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Supposing the belt to have beeu tlirowu 
off the pulley of the motor; then uniler 
this powerful torque the motor will be 
started in rapid rotatiou. As soon as the 
armature commeuces to revolve through 
the flux produced by the field magnets, it 
generates in the armature winding an E, 
M. F. which is counter or opposite to the 
current supplied to the armature. In other 
words, the revolving motor armature com- 
mences to act as a dynamo armature, oppos- 
ing the current strengtii received from the 
mains. The effect of this C. E. M. F. is 
to reduce the amount of current received 
by the motor. If, for example, the arma- 
ture revolves at such a rate as to generate 
a C. E. M. F. of volts, the effective E. M. 
F. acting in its circuit will be 10 — 6 = 5 
volts, and the current will be reduced to 5 
1 , 
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amperes. Siiuilarly, if the speed at wliicli 
tlie armatiiie runs is sufficiently increased 
to develop a C. E, M. F. of 9 volts, the effect- 
ive R M. F. ill tLis circuit will be 10 - 9 ^ 
1 volt, aud the cuvreut will be reduced 

to 1 Tolt divided by y-^th ohm = 10 

amperes. The armature, therefore, accel- 
erates until such a speed is reached as 
ill limit the current passing through it to 
just the value which is uecessai'y in order 
to overcome the torque imposed on tlie 
motor; i. e., the renUting torque. 

The -resisting torque will be verj' small 
if the motor be disconnected from its belt, 
being made up only of the frictions of 
bearings, brushes, etc.; while, if the belt 
be thrown on the motor, and it be con- 
nected with a heavy load, the resisting 
torque may be vei-y considerable. The 



k 
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current strength required to overcome thia 
toi-que is determined, as we Iiave seen, hy 
the flux through the motor, and by tlie 
number of tunis of wire lying ujion its arm- 
ature. Consequently, the speed of au arm- 
ature will automatically assume that value 
at which the elective E.3I, F.' namely, the 
ditfereuce between the driving and C. E. M, 
Fs., Just enables this ciirrent strength to be 
supplied through the armature resistance. 

A ten HP motor, separately excited, 
may be capable of developing an E. M. F, 
in its annature of 13 volts, for every revolu- 
tion that it makes per second ; that is to 
say, if the armature be set in rotation, in 
any manner, at the speed of one revolution 
per second, or 60 revolutions per minute, 
it will generate as a dynamo an E. M. F. 
of 13 volts. If its speed be altered to 
3 revolutions per second, its E, M. F. 



^ 
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will be 39 volts. If now this motor, dis- 
connected from its load, be connected with 
a pair of mains having a constant pressure 
between them of 208 volts, the armature 
will run at a speed of, approximately, 16 
revolutions per second, or 960 revolutions 
per minute, and thereby generate an E. M. 
F. counter or opposed to the E. M. F. of 
the mains, equal to 1 6 x ] 3 = 208 volts ; 
for, tlie resisting torque, made up of fric- 
tion in the armature, will be very small, 
and if the speed of the motor falls below 
16 revolutions per second, or 960 revolu- 
tions per minute, the current strength, 
which will pass through the armature, will 
be so rapidly increased that a powerful 
electro-dynamic torque, will be exerted 
upon the armature causing it to accelerate, 
and so regain its full speed. 

If there were no friction whatever in the 
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armature, wliit-li of course i 
tbei-e would, of comsejbeno cuiTeut and no 
energy I'efjuired tu dii\e tlie aniiatuie, and 
if tbe pi'essure at its terminals from the 
mains were 208 volts, the niutor would 
have to generate a C. E, M. F, of ex- 
actly 308 volts, so that by Ohnfa law no 
ciUTent would pass through it and its 
speed would be steady at exactly 16 revo- 
lutions per second. If, however, a heavy 
load bo thrown ou the motor producing 
a powerful resisting torque of, say 100 
pouuds-feet, then the current strength, 
which will be necessary to pass through 
tlie armature in oi-der to produce this 
torque, may be, say 20 amperes, and if the 
H'sii^tance of the armature be 1 ohm, the 
C E. M. F. must drop to 188 volts in 
order that the driving E. M. F. shall jier- 
Dlit 20 amperes to pass through this resist- 
nanu-lv, 208 - 188 = 20 ^ 1 = 29 
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amperes. The speed on the motor, when 

188 
loaded will, therefore, drop to — — = 14.46 

revolutions per second, or 867.6 revolu- 
tions per minute. 

Summing up, therefore, if a motor be 
separately excited, and be connected with 
a pair of constant-pote'ntial mains ; i, <?., a 
pair of mains maintained at an electrically 
constant difference of pressure or voltage, 
the speed at which it will run, will de- 
pend upon the number of wires lying 
upon its armature. If the armature have 
a large number of fine wires, its speed will 
be comparatively slow, since its dynamo 
action and C. E. M. F. for a given speed, 
will be great ; or, in other words, the 
speed required to produce a given C. E. 
M. F. will be small. But if the number 
of wires on the armature be small, the 
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Speed at wbicli it will have to run to 
develop a given C. E. M. F. will be great. 
As the torque imposed on the motor, or its 
load is increased, its speed will diminish 
in order to allow the necessary increase of 
current to pass through the motor to over- 
come this torque, and the amount of drop 
in speed will depend upon the resistance 
of the armature. If the resistance of the 
armature be comparatively great, the drop 
of pressure in the armature will be great, 
and the speed must fall off considerably; 
while, if the resistance of the armature be 
small, a comparatively small diminution in 
S[)eed will, by Ohm's law, permit a com- 
paratively large increase of current 
strength and torque. 

Again, if the pressure on the mains with 
which an armature is connected be in- 
creased, the motor speed must increase in 
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order to .develop a correspoudingly greater 
C. E. M. F. Thus, if a motor runs, liglit- 
loaded, at a speed of 500 revolutions per 
minute, when connected with a pair of 
110-volt mains, it will run with the same 
excitation at, approximately, 1,000 revohi- 
tions per minute, when connected with a 
pair of 220-volt mains. This is evident, 
since, approximately, the same small cur- 
rent strength will have passed through it 
in each case, and the C. E. M. F. devel- 
oped by the motor armature, must be 
nearly 110 volts in the first case, and 
nearly 220 volts in the second. 

We have hitherto assumed that the 
amount of flux passing through the ar- 
mature was constant, owing to separate 
excitation of the field magnets. It is evi- 
dent, however, that if the flux passing 
through the armature be varied, the speed 



150 THE ELECTRIC MOTOR AND 

will also vary. Thus, if the machine 
ali'eady considered, which had a flux of 
5,000,000 maxwells, and 100 wires on its 
annature, when connected with a pressure 
of 10 volts, made a speed of 10 revolu- 
tions }>er second, or 600 revolutions per 
minute ; then, if we reduce the flux passing 
thi-ouiirh the armature by one half, or to 
2,r)00,000 maxwells, the speed will be prac- 
tically doubled, or increased to 20 revolu- 
tions per second, or 1,200 revolutions per 
minute. This is for the reason that the 
armature must run faster through the 
weaker flux in order to generate a given 
t\ K. M. F. If one revolution per 
siH'ond produced one volt in a stronger 
llux, two revolutions per second would be 
rtM|uiriMl, per volt, in the weaker flux. 
(\>ns(Miuentlv, we may always increase the 
s|M»tMl of a motor by weakening its field 
llux ; /. (., by diminishing the current 
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strength eirculatiug in the field t-itils, and 
their M. M. F. There will, of course, be 
a limit to the degree at which this acceler- 
ation cau be produced, since, if the flux is 
very imich weakened, the flux produced 
by the curreut in the armature wiiuling 
will overpower that of the field, and may 
actually revei'se it, thus tending to destroy 
the C. E. M. F, of the armature, diminish- 
ing its torque indefinitely, and requiring an 
indefinitely high speed to check the cnr- 
I'ent strength, and the machine will there- 
fore atop. On the other hand, if we 
increase the current strength passing 
through the field magnet coils, and ao 
increase their M. M. F., they will develop 
a greater magnetic current or fiux in the 
magnetic circuit of the machine, including 
the armature, and this increased flux will 
preduee tlie C. E. M. F. required from the 
motor at a correspondingly reduced speed. 
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In practice, motors are not usually sepa- 
rately excited, but are excited by a cur- 
rent ol)tained from tlie mains supplying 
the armatuie. Tlie field winding may be 
connected either in series with the arma- 
ture, producing what is called a series- 
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wound inotor^ or in shunt with the 
ai'mature, producing what is called a 
sluuif-woimJ motor. Fig. 26, represents dia- 
grammatically the connections of a shunt- 
w^ound motor. Here the ends h and <?, of 
the magnetic coils M, are connected in 
shunt with the ends d and e^ of the ar- 
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mature A. a and /, are the constant- 
potential mains. If the resistance of the 
magnet My be assumed constant, by Ohm's 
law tlie current strength through it 
must be constant, and the effect is tlie 
same as though the motor were separately 
excited. The strength of current, Avhich 
the armature can carry continuously, de- 
pends upon its size, winding and construe- 
tion. The drop of pressure, which its 
full-load current will produce, usually 
varies between 2 per cent, and 10 per 
cent, of the terminal pressure ; that is to 
say, if the pressure between the mains a 
and/, be 500 volts, then the full-load drop 
in the armature will usually vary between 
50 volts in a small motor, and 10 volts in 
a large motor, the C. E. M. F. at full 
load being respectively 450 and 490 volts. 
The drop in speed of such a motor will, 
therefore, usually vary between 10 per 
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ceut. aoil 2 per cent., according to the size 
of the raacbiue, ami, within these limits, the 
machine automatically regulates its speed 
aecoi-ding to the load. 

The connections of a series-wound motor 
are shown in Fig. 27. Here the magnet 



^ 




coil Jif, is in series with the armature ^, 
between the mains a and/,* that is to say 
the current from the mains passes succes- 
sively through the magnet M, and arma- 
ture ^1. When such a machine is on light " 
Jpad, with a small toi-que, the cui'i'eut 



sti'eiigfcli paasiiig through the machine will 
be comparatively small, and the M. M. F. 
of this current in the field coils will be 
small, producing thereby a small magnetic 
flux through the armature. The speed of 
the armature will, therefore, be compara- 
tively great. If, liowever, the torque ou 
the motor; Le., its load, be increaaed, the 
cuiTeiit passing through the motor will 
automatically increase, increasing thereby 
the M. M. F. aud flux through the 
armature, thus reducing the speed. On 
this account, as well as owing to the drop 
of pressure in the resistance of the anna- 
turCj a series-wound motor is nnieh more 
variable in its speeil than is aaliunt-M'ound 
motor, but a series-wound motor, espe- 
cially in small sizes, is simpler to construct ; 
for, its field-winding consists of but com- 
paratively few turns of coarse wire, while 
a shunt motor field-winding consists of 
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iiiiiiiy tiirna of fiue wire, in order to reduce 
as fiir as ].x)saib]e the cnrrent strengtli 
employed in magnetizing them. 

A compoLiiid-wouad motor is a motor 
wliose field magnets are partly- series- 




wound and partlj' shunt-wound. Such a 
winding is diagranimatically represented in 
Fig. 28. Here tlie armature A, is in series 
with the coarse wire coils m, and these two 
are connected iu shunt with the fine wire 
coil M. When no curreut passes through 
the armature, the field magnet M, is excited, 



while the series coil >j>, is unmagnetized. 
When tbe full-load current passes tlirough 
the armature, the exoitatiou of the series coil 
OT, reaches its maxiiinmi. The M. M. F. 
of in, is counter or opposed to the M. M. F. 
of M, so that the magnetic flux is slightly 
weakened at full load, thereby necessitat- 
ing a slight acceleration of the annature in 
oi-der to develop its C. E. M. F. This ac- 
celeration may be adjusted so as to almost 
completely counterbalance the drop in 
speed, which would otherwise take place 
by virtue of tlie dmp of pressure in the re- 
sistance of the armature, considered as a 
separately-excited machine. A compound- 
wound motor may, therefore, be adjusted 
so as to have a practically constant sjieed 
nnder all loads. 

The activity absorbed by a motor is usu- 
ally measured as the product of the termi- 



Hill pressure in volts and tlie ciiiTent 
strengtli in amperes. Thus, if the motor 
be connected witli a pair of 230-volt mains, 
and be observed to take a total cm-rent of 
10 amperes, then the activity absorbed by 
the motor will be 330 volts x 10 amperes — 
2,200 watts = 1,()22 foot-ponuds-per-second 
= 2,2 kilowatts = 2,949 horse-jiower. If 
the motor were a perfect maeltine, esjieud- 
ing no internal activity, under these condi- 
tions, it would do mechanical work at a 
rate of 3,200 watts, or 1,622 foot-pounds- 
per-secoud, but its actnal efficiency would, 
probably, be about 82 per cent, in this size 
of machine, and the mechanical activity it 

would exert, would be 2,200 X pjjr = 1,804 

watts = 1,330 foot-pounds-per-aecoud. The 
motor could, therefore, lift 1 pound 1,330 
feet per second, or 133 pounds 10 feet per 
second, at this load. 
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The efficiency of motors varies witli 
their size. A very small motor, such as 
that employed for driving a desk fan, has 
an efficiency of, probably, only 30 per cent., 
while a 1 horse-power motor will, prob- 
ably, have an efficiency of 60 per cent., and 
a 100 horse-power motor an efficiency of, 
probably, 90 per cent. The efficiency may 
be ev^en still greater in larger sizes, al- 
though, of course, it can never reach 100 
per cent., since some activity is sure to be 
lost within the motor. 

It should be clearly borne in mind that 
all improvements, which have yet to be 
made in electro-dynamic motors, must be 
almost entirely confined to the directions of 
reduced speed or reduced cost, because the 
efficiency is already so comparatively higli. 
If a 100 horse-power motor only wastes 
about 10 horse-power at full load, in its 
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mecLanical antl electrieal frictions, the 
best possible motor of this size could only 
save 10 horsepower iiinler the same condi- 
tioDs. The direction, in which we may 
]o»k forwai-d to improvements in motors, 
lies, therefore, almost wholly in reducing 
their cost of construction and the speed at 
which they run. 

The work absorbed by an electric 
motor from the circuit supplying it is 
conveniently measuretl in units called 
hilowatt-Jiours, a kilowatt-liour being an 
lunount of work equal to that performed 
by an activity of one kilowatt maintained 
steadily for one hour. A kilowatt-hour is 
equal to 1.34 (roughly 1 1/3) horse-power- 
honre, or to 3.600,000 joules, or 2,663,000 
foot-pounds. In Great Britain the kilo- 
watt-hour is called the " Board of Trade 
Unit." 
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The work consumed by an electric 
motor is usually measured by a meter placed 
in its circuit. The meter may be a watt- 
meter, in which case its dial will show the 
total amount of work received by the 
motor in kilowatt-hours; or it may l)e 
an ampere-hour meter, whose indications, 
multiplied by the pressure of the circuit, 
assumed as uniform, will give the total 
amount of work consumed. Thus, if a 
motor connected with a 220-volt, constant- 
potential circuit, is shown to have received 
5,000 ampere-hours in a month, by the 
record of an ampere-hour meter, the total 
work it has received will be 5,000 x 220 
= 1,100,000 watt-hours = 1,100 kilowatt- 
hours. 



*rHJLrTES VL 

riott :' V.J ' ^. ~~ > .■ • i dr the motor 
<;;v^\*'. ."' y_- *i' ; . .- r-iTr to under- 
<:iT : :> ^ - . -' :< Take it apart 

a:^•. ^- :-:. ^ '. l.M - >1: v- in Fuj. 30. 
I:: :*.vs. '^^--s , ;;->■ • ii-liiL^:: numerals 
tvi^!V<-v :: .• ^vsvi ; ..^ Viir:>. 1, is the 
v'v^tn^AUv; :ir!i:A:'-:>:. m. ::-:«r«.: on. its shaft, 
with vi ^o::::;:.::;!: r :i: .::e eL>L and with 
tho iusu*a:t\l w::v;:::^ wrui-V'e^l round and 
i\MmU tho in^u • . or ■ • '.. and suitablv 
oonuivcovl wi:h rlio o •!iiiii'.irator. The 
shaft rests in j^^un.als 15 au«l IS. sup- 
portovl on jH\lc>:a!^ l.'> and 10. These 
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8 are self-oili.iiij ; that is to say, tliey 
contain oil wliicb is continually poured 
upon the sui-face of the revolving shaft by 




Flo. 29.— FojiM OF Electhic Motor. 
the action of the rings 19, as will be later 



On the end of the shaft opposite to the 
commutator is secured the pulley 5. The 
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pedestals themselves rest upon the cast- 
iron base plate 8, to which they ai'e firmly 
secured by bolts. This base plate forms 
part of the magnetic circuit of the machine. 
Upon its smooth surface are bolted the 
field cores, 3, 3, on the heads of which 
stand the pole pieces 2, 2. The pole 
pieces are set in place after the magnets 
coils 4, Jr, are set in position. The 
rocker arm 21, carries the two brush 
holders 22, 22, in insulated sockets at each 
extremity, and the brush holders, in their 
turn, clamp the metallic l)rushes 23, 23, 
which rest upon the surface of the com- 
mutator at diametrically opposite points. 
By moving the handle of the rocker arm, 
the diameter upon which the brushes bear 
on the commutator, called the diameter of 
comnififation, can be varied within suitable 
limits; 24, are the cables connecting the 
brushes with the terminals 6 and 7, mounted 
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on a board above the pole-pieces, and to 
wliich the iii;iin leading wires are attached. 
The rods 12, 12, .s.^niiely bolt the coves 




and pole-pieces to the base plate, and also 
leave eye-bolts by which the niachiue can 
be readily slung. 
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Tlie motor shown in Fig, 31, <lifEers 
from that in Fig. 29, in the fa^-t that the 
annatiire and pole-pieces are supported 
close to the base, eo that the field magneta 
are inverted. In othei" respects, however, 
the parts are similar in each motor. This 
motor ia shown dissected in Fig. 32, where, 
as before, corresponding parts are marked 
with corresponding numerals. It is im- 
portant to notice that in order to prevent 
the magnetic tlux produced by the 
M. M. F. of the dtilw 12, from passing 
entirely through the cast iron base, the 
pole-pieces are supported ou slabs of 
zinc 5, which iiiti-oduces a greater reluc- 
tance into this path and enables almost all 
of the magnetic flux to pass through the 
armature core. 

In order to (ibtain a better conception 
of the construction, we may now consider 
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Pifl. 83.— Motor with Ring Aruatdrb. 




the separate parts of the motor in fur- 


1 


ther detail, beginning with the armature. 




Broadly speaking, armatures may be 




divided into thi-ee classes; namely, 




(1) Driiiii armatures. 




(2) Ring armaturea 


J 


(3) Disc armatures. 





Figs. 23, 29, 30, 31, ami 32 lepreseut 
drum armatures j that is to say, ariimtui-es 
which are simply drum-ahaped or eyllii- 
di-ical iu their appeariLUce. 




; Kino AitMATuitB. 



Fig. 33, represents a motor furuished 
^vith a ring anwUitre A A A. Here the 
field magnets are placed inside the arma- 
ture, as is sometiuies the case, though 
more frequently the armature is placed 
inside tbe field, as is shown iu Fig. 3-t, 



THE TKAN9MISSI0N OF POWER. 171 




17^ TEJ£ SLZCTiZ-I XOTOa A31> 

~l^r^ zhr iTi-iiaiir^ J. a^ pI^L^?*! between 

A:i -rTiir^ ;•> ■>! Jk '/*«».» *r/i»Lrfw-p*? fe shown 
11. F^-. ->->- H^T^ dk tLiottber of insoldteil 
r^l^-il :- ::.ii:::'r^ '.1 *.l*re- Iietl like sp»>kes 

V__ .— '^^-•-":^ s:ri:ti < < j?^ ;ir the centre 
:i:- 1 -r \^^ . f trie w?beeL In this anna- 
: ::r :'::-? : -_i:::i:i^ c-ats ifc. l\ l\ on the 
v^?!; Ir7 ~ : rh-r vheeL f»>nn the commii- 
:a: r ?.;• :: .vh: /n :ae c»>IIeeting brushes 

::• r>r<t. Fig. 36 represents 
'-:- :-:;v:-!i:iie employing this 
T-.-- :L.:i^::e:s are here enoloseil 
iu a r.r. i :::i:.:e, ai;d present their polar 
surfaoe> :•> r:\oh ^nher across the disc 
annaruiv. D-s-.* anuatures are venr seldom 
us^hI in the Unirerl States^ 

A drvuu or riuix armature consists esseu- 
tiallv of ihr^v j>arts: namely, 
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F[ij. an. — Ih.M Ai;mmi i;i. .M. 



(1) Tlie lyifc ov bo<ly, which is always of 
soft, ii'ou. 

(2) The excitmg coils of insulated cop- 
per wire, vvliich are Vvoiin<l upon tlie coie, 
and ill which the E, M, F, is generated ^}\ 
revolutioti through tlie flux. 

(3) The commutator, by means of 
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wbicli the E. M. F/s iiuluced iu tlie coils 
are uuited aiul co-directed so as to pro- 
duce a coutiuuous E. M. F. in the circuit; 
or, regarded from a different standpoint, 
tlie commutator distributes the cur- 
rent received from the external circuit 
through the armature winding, in such a 
manner as to produce a continuously act- 
ing torque. 

Armature cores may be divided, from 
another standpoint into two classes; viz., 
tlie smooth-rore and the tootJied'Core. 
Smootli-core armatures present a continu- 
ously smooth, cvlindrical surface before the 
wire is wound upon them. Such a core is 
shown in Fig. 37. Here Sy S, is a steel 
shaft, which carries two phosphor-bronze 
spidei's, one of whieli only is seen at £. 
Tliese spiders are clamped to the shaft and 
support between them the hollow core 
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C, C, which consists of a umubei- of tliiu, 
soft iron plates, or anmOai' discs, which 
"after being assembled, are pressed together 




Fio. 87, — Smootii-Cork Armature Body, 



and then chiniped by a spider between the 
end plates P. 

In the early history of the art, armature 
cores were constructed of solid masses of 
soft iron ; but it was soon found that such 
cores became intensely heated when I'e- 
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volveJ through the field flux, even thinigh 
no iuaiihited wire was wound upon their 
surfaces. This heating was owing to the 
fact that E. M. F.'s were induced in the 
conducting iron mass, which set up pow- 
erful electric curreuta, called eddi/ currents, 
threugh its substance. These eddy cur- 
rents did no useful woi'k, aud expended 
power prejudicially in heating the core. 
By using laminated cores; i. e., by divid- 
ing the core into a number of separate 
discs, with their planes at right angles to its 
axis, while the passage of the magnetic flux 
is not impeded, siuce it passes directly 
througli each disc, in its own plane, the eddy 
currents, which tend to develop in a direc- 
tion at right angles to the plane of the 
discs, are very greatly checked and impeded 
on account of the resistance offered to tteir 
passage through the pile of diacs. Conse- 
quently, the loss of power from eddy cu^ 
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rents is very greatly reduced by this 
expedient of laminating the core, or build- 
ing it of separate discs, and the process is 
in%'ai'iably adopted except in tlie very 
smallest motors. 




f CONBTBUCTION. 



Toothed-core armatures are those wbicli 
jK>S8e98 eori'ugated surfaces, like a cog 
wheel. Such a toothed-core armature is 
shown in Fig. ^8 at A. It will be 
■observed that the surface of this core is 
indented with grooves, running parallel to 
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the axis of the shaft. lu these groovea 
the conducting wires, protected by suit- 
able iuaulating material, are subsequently 
laid. At Ji. thf armature is shown with 




It 



its winding in place, following the gi-ooves. 
At (7, the complete and covered armature 
is shown. Fig. 39, shows a method of 
assembling toothed-core armatures upon a 
shaft, so as to form, when comjileted, 
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drum armatxire. Hei-e S, S, is the ahaft, 
C, the asaemlOeil discs, and e, c, the disca 
I'eadj" to be assemljled. 

It \vill be observed tliat when com- 
pleted, aud wound with wire, both the 
toothed-core and the stiiooth-core arma- 
tures are alike, in that they both pi-eseiit 

1> b b h 



a continuous cylindrical surface, but in the 
smooth-core armature this surface is 
formed entirely of insulated wire which 
completely covers and hideti the iron core. 
In the toothed-core armature, however, the 
iron teeth oi- projections extend to the sur- 
face, and remain uncovered by wire, which 
only fills the grooves between adjacent 
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teeth. Thus Fig. 40, shows a completed 
smooth-core, druni-armatiire, with the in- 
sulated conducting wire lying over its sur- 
face, parallel to the axis. In this arma- 
ture it is necessary to hold the wire 
securely in place by binding the brass 




Fig. il.^COMPLETED T 



I 

^K core 



wire h, b, b, tightly over mica strips and 
soldering it in position. The ends of the 
aimature are covered by canvas supported 
on circular heads h, li. 



Fig. 41, shows a completed tuothed- 
core drum armature. Here, as will be 
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seen, the external surface of the armature 
consists of iron, between the bands h, h. 

Fig. 42 represents a portion of one of 
the discs of a tootlie(i-e()re ai'iuittiire. The 
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Fio, 42,— PoitTCON (IP D[sc of LsMrsviKn Toothed- 

CORB AuMATUliE. 

circnLir holes are for the clampiug. bolts, 
while the grooves are intended for the 
reception of the insulated wires. 

It will thus be seen that a toothed-core 
armature is much more solid and secure, 
when completed, than the smooth-core 



182 THE ELECTRIC MOTOR. 

amiature, aud, paitly for this reason, tlie 
toothed-core armatures Lave come into 
general u.se. It is evident that the 
tootlied-core armature does not require 
bands on its surface to keep the wrires in 
place. Moreo\'er, the length of the air- 
gap or eatrefer ; that is to say, the dis- 
tance betAveeu tli\3 iron in the armature 
and the [)olar faces of tlie field magnets, is 
greatly reduced, thereby reducing the 
reluctance of the magnetic circuit, and re- 
quiring much less M. M. F. in the field 
magnet coils to produce a given amount of 
flux tlirouu-h the armature. 

Fig. 43 re[)i*esents the winding of a 
tooth(Ml-core armature B, Here, as will 
])(i s(HMi, the cotton covered wires are 
])as.s<'d throui^'li tlie grooves. A^ shows a 
(!om[)lete armatui'e with the wire con- 
nected to the conuuutator O. 
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A simple form of commutator, called a 
two-part commutator ia shown in Fig. 44, 
Sucli a commutator would be suitable for 
commuting tlie current produced in a siug]e 
loop of wire on an armature rotated in a 




■Part Commutatoh. 



bipolar field. In this commutator the wire 
W^^ is connected to the segment 6*^, and 
the wire W^, to the segment 6". Under 
these conditions, if the E. M. F. generated 
in the loop whose terminals are 71'' and 
W^, be in eiich a direction thut 7F' is 
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positive and W, negative, the cuiTent will 
flow from TF\ to C", and out from the 
brush £\ through the external circuit 
connecting the brushes, and return through 
the biu^ih B^, tlie segment C^, and the 
wii'f TF^ Affcei" a quarter of a revolution 
has br-aii effected from tlie position shown, 
and in tiie direction indicated by the 
arrows, tlie brush j9', will rest (ju the seg- 
ment C, and the brush Ji', on the seg- 
ment C\ At the same moment, however, 
i£ the commutator is properly placed, the 
E. M. F. wliieh la being generated in the 
loop will be reversed by its passage before 
the magnet poles. W^, will therefore be 
the positive pole under the new conditions. 
The current will consequently flow from 
W, to C*, and brush ^, and return after 
traversing the exteraal circuit through 
Ji^, segment C\ and wire W. Conse- 
quently, although the E. M. F. in the 
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aroiatiire has been reversed, the brush 
J}^, 13 still positive, and the eun-ent in 
the external cireiiit preserves its direction. 
No matter Low Diauy bars a commutator 
may possess, and no matter how many 
wires or loops are nodei'going oommuta- 
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tion, the effect will be essentially the same 
as that here deMcribeil. 

The arrangement of brushes resting in 
contact with a ci:)mmntator, for such a motor 
as is shown in Fig. 31, is represented in 
Fig, 45. Here h, h, b\ l>\ are two paii-fi of 
brushes, each pair being couuecteil eleetr 




electric- J 




, ally togethev and resting upon the commu- 
tator bai-9. The brushes consist of metallic 

1 sti'ips or bundles of wire, usuany of copper, 
but sometimes cousistiug of carbon blocks. 
They are held iii place by devices called 
brusJi'holcleis, a form of which is shown in 
Fig. 46. Springs placed in these brush- 




FiG. 4(1.— IS It u.in -Holders. 

holdera maintain a uniform electric pressure 
rbetweea the brush and the commutator. 
;After the brushes have been so set as to 
'press upou opposite segments of the com- 
mutator, they cau be rotated together into 
any suitable position by the rocker arm, 
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which is represented at 21, in Fig. 30, and 
at 44, in Fig. 33. 



We have seen that in all motors a certain 
amount of enej'gy^ is uselessly expended iii 
the friction between the revolving shaft 
and its supports. In order to lessen this 
as much as possible the bearings are kept 
well lubricated. In practice this is almost 
invariably secured by means of automatic 
oilefs, that is, by bearings which automa- 
tically keep the rubbing surfaces lubri- 
cated. Such an automatic, self-oiling , 
bearing is shown in Fig. 47. Here the 
shaft is supported in the sleeve 8, of a 
special alloy, called Bahhitt tneUil, haviug 
grooves cut in its interior, so as to dis- 
ti'ibnte the oil freely over the revolviug 
surface of the shaft by the action of rota- 
tion. Tliis action is facilitated by the 
action of two rings 7^, R, which ri 
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upon the shaft in grooves cut into the 

Babbitt metal sleeve. These rings dip 

beneath the surface of the oil in the 





Fib. 47.— Adtomatic Sblf-Oilino Bbarino. 

I reservoir 0. As the shaft revolves it sets 
[ the ring into rotation, although the rota- 
\ tion may be many times less rapid than 
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tliat of the shaft. The nugs carry oil on 
tlieii' sLU'faces up into the grooves and dis- 
tribute this over the shaft. The oil, after 
passing through the bearing, drips again 
iato the reservoir O. The level of the oil 
in the reservoir can be observed by means 
of the gauge glass G. The sleeve S, and 
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its brass rings, are shown in greater detail 
in Fig. 48. 

The field magnets, the function of which 
is to produce the flux passing through the 
armature, consist essentially of coils of in- 
sulated wire, provided with cores and pole 
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piecf^s, sliaped so as to produce an annular 
or cyliudiical space for tbe rotation of the 
armature. In Fig. 30, the field, magoet; 
cores, with their pole pieces, are shown 




► 



at 3 and 2, j-espectively. The coils of 
insulated wire which suiTound them are in 
practice wound on spools so that the entire 
coil can be readily removed from tbe core. 
Such a coil is shown at 4, in Fig. 30. The 





FW. 3»,— CoMFiKix XvniK or Twtk Snow is F». «. 

In Rg. 49, a steletoo repnjs^ntation of 
the different parts of a poiticiUar form of 
motor, is shown in pWt- . Here the anua- 
ture, nrith its coiniaiitator ati>1 pulley, is 
■noantetl between the pule pie^iirs of the 
etectTMuavuet as showu. lu this machine 
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the field cores C, C, are clamped by bolts 
in recesses prepared for their reception in 
the cast-iron bed plate. A complete ma- 
chine of the same type ia sho^vn in per- 
spective in Fig, 50. 

Since the torque of a motor depends 
upon the amount of flux passing through 
the armature, upon the current strength it 
carries, and upon the number of wires 
lying on the surface of the armature, it is 
evident that a powerful torque neceasitates 
a powerful flux, a powerful current, and a 
great number of wires. As we increase 
these, we must increase the size of the 
machine. Consequently, powerful motors, 
are necessarily large, heavy motors. 

It may be interesting to note the weight 
and dimensions generally given to motors of 
various sizes. A half-horsepower motor 
of good type, weigh? about 100 pounds, 
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or about 200 pounds per hoi'se-power, and 
occupies a floor space of 18" X 10." A 
6-horse- power motor, of good type, weighs 
about 600 pounds, or 1 20 pounds per 
hoi-se-power, and occupies a floor space of 
28" X 20". A IS-horae-power motor of 
good type, weighs about 1,500 pounds, or 
100 pounds per borae-power, and occupies 
a floor space of 4' 6" x ^'- A 60-]ior8e- 
power motor weighs about 6,000 pounds, 
or about 100 pounds per hoi-se-power, and 
occupies a floor space of about 7' x 5', 
while a SoO-hoi-se-power motor would have 
a weight of about 25,000 pounds, or 100 
jiounds per horse-power, ami a floor space 
of 11' X 6'. It will be seen, therefore, 
that small motors weigh about 900 
pounds per lioi"3e-power — or 746 watts 
(roughly 750 watts) — of full-load me- 
chanical output, and large motoi-s about 
lie slower 
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the speed at wliicli a motor is designed to 
ruu, the greater will be its weight, other 
things being equal. 

It ia convenient to remember that for 
motors up to 10- horse-power, the number 
of horse-power delivered is i-oughly equal 
to the uiimber of kilowatts absorbed at 
the motor terminals. For example, a G- 
hoi-se-power motoi", delivering, therefore, 
4,476 watts raeclianieally, absorbs roughly 
.6 kilowatts, or 6,000 watts, at its terminals, 
whether the machine be built for circuits 
of 100 volts, 200 volts or 500 volts. This 
rule presupjroses a commercial efficiency of 
74.6 per cent. In large sizes the efficiency 
increases and the rnle cannot, therefore, 
be relied upon. Tims a machine which 
has a full-load output of 120 hoi'se-power, 
or about 90 KW, has an intake of, approxi- 
mately, 100 KW. 
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The speed of motors de]>eii(ls upon tLeir 
size and ooustniction. If two motors liave 
the same weight, fl^un" sjjaee, efficiency, and 
cost, the one which has tlie slower B2>eed 
of revolution is the l^erter machine of the 
two, because, l»v rewindinir it for the 
hijrher s2)eed it could lu* made to have a 
greater outjuit, that is to l>e the equiva- 
lent of a heavier machine. The speed of 
a l/w-horse-jK>wer motor of good tyj>e is 
alxmt l,oOo Involutions ]H*r minute at full- 
load ; that of a l-horst'-] lower motor, about 
1,0(MJ revolutions ]>cr minute: of a 5- 
hoi'se-power motoi*, ^>mO revo»lutions i>er 
minute; a ir>-horst*-i»ower motor, 7r)<'> revo- 
lutions : a 1 i?0-hoi'se-po\ver motor, about 
550 i'evolutii»ns and a 250-h«>rse-i»ower 
motor, about 425 revoluticms jvr minute. 

Small luotors ain nsuallv Ci»nstruct^d 
witlj t^^o field maurnet poles or belong t-o 
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the bipolar type. Beyond a certaiu she, 
however, say 90-horse-power, it is usually 
more convenient and economical to con- 
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A fonu of qiiadripoliu' motor is shown 
u Fig. 51. Here there are four magueta 
M, M, M, M, and, consequently, four mag 


V 
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uetic circuits tlirougli the nrniature 
There are ako four sets of brushes, insteat 
nf twii, as in bipohir machines, but oppo 

J 
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site sets of brushes are connected together 
electrically, thus making a single pair of 
main terminals. 

Another type of quadripolar motor is 
shown ill Fig. 52. Here only two sets of 
brushes are employed, the winding and 
connection of the armature coils being 
such as to permit the use of two, instead 
of four brushes. 




The installation of a small motor does 
not require any particular preparatiou. 
It is only necessary to bolt tLe base frame 
of tlie motor to the floor, and set the 
machine upon it. With heavy motors, 
however, suitable foundations are neces- 
sary in order to siippoi-t them aeciii*ely. 
In most gases a beit tighfener is employed, 
whereby the tension of the belt can be 
adjusted by sliding the motor along its 
bed plate. This is represented in Figs. 51 
and 52, where the handle H, enables this 
adjustment to be made readily. Belts 
should not he tightened so far as to add 
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cousuleratly to the friction of the shaft 
in ita beariugs, nor be left so loose as to 
alip or flap. 

Where steady driving under all varia- 
tions of load is a matter of iinportauee, 
the shunt-wound motor; or, in some cases, 
the conipoiiud-wound motor, is employed, 
and, in fact, series-wound stationary motora 
are usually only employed in small sizes 
such as in fan motors. 

By reference to the connections of the 
shunt-wound motor shown in Fig. 26, it 
will be seen that the armature is connected 
directly across the mains. If we assume 
that this connection is made witli the 
armature at rest, and after tlie field circuit 
has been closed, so as to excite the field 
and produce the' magnetic flux through 
the amiature ; then, since the resistance 
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H of the armature is necessarily siualT, a 

H very powerful current will tend to flow 

I tlirougli the armature, owing to the 

H absence of any C E M F due to rota- 

tioD. This fii'st inrush of current and 
violent resulting torque, are apt to he 
injui-ious to the motor. When, therefore, 
a shunt-wound motor is started from i-est, 
_ it is necessary to insert a i-esistance i 
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1 trom i-est, i 

tance in the J 
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aniiatiire circuit, so aa to limit tbe auiouut 
of current which shall pass through the 
armature until it has been lnought up to 
speed and enabled to produce a suffi- 



i 




ciently powerful C. E. M. F. Sncb adjust- 
able resistances are called starting rheo- 
stats. They consist essentially of coils of 
wire, usually of iron, mounted in a suit- 
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able frame, anil coimected witli contact 
strips in such a manner aa to permit tlieii" 
ready insertion or removal from the circuit 
by the movement of a handle. 



1 




A form of starting rheostat is shown 
in Fig. .53. Here coils of Iron wire are 
mounted on a suitable frame and con- 
nected in series. By turning the switch 
S, over the contact points, a greater or 
smaller number of these coils may be 
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incluJed in the circuit. Wheu the switch 
is oil the extreme left contact jjoint, no 
coils are in circuit, and when on the 
extreme right, all are in circuit. Fig. oi 
shows a different type of starting rheostat 
intended for use with small motoi». Here 
the resistance wire is imbedded in a suit- 
able enamel on the lower sui-face of the 
cast-iron plate sliown, and the switch 
serves, as before, to include more or less 
of this wire between the terminals. Fig. 
55, shows a similar appaj-atns of lai^er 
sizes intended for use with more power- 
ful motors. 

Fig. 56 shows, in pei'spective, the ordi- 
nary method of installiug a sluiut-wouud 
motor, and Fig. 57, the diagrammatic cou- 
nectious of the same. Siniilai' letters refer 
to similar parts in both figures. It will 
be observed that a pair of mains MM, and 
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M' M\ being connected with a constant 
pressure of, say 110, 220, or 500 volts, ac- 
cording to the circuit, and the winding 



M* DJ» CUTOUT BOX 




H°N 



Fig. 57.— Connections of Shunt- Wound Moto«. 

of the motor, are connected with tlie motor 
through the switch S^ and the cut-out box 
T. The switch S^ consists of a handle at- 
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tached to a paii- of copper kntfe blades, 
in such a manner, that on depressing the 
handle, electrical connection is secured be- 
tween the branch mains m, rii\ and the wires 
a and h, leading to the motor, while if the 
handle be raised, connection is instantly 
broken. The switch is called a doiihk-- 
poU sioif^h, because it breaks contact 
both on the positive and negative sides of 
the cireuit ; *'. e., on one side, at each knife 
edge. The cutout l>ox T, contains a pair 
of safety fuses of lead wires, having such 
an area of cross section and resistance, 
that they will melt if the motor should 
receive an abnormal amount of current. 



In order to start the motor fi-oin rest, it 
is usual to throw off the load in the driv- 
ing machinery, as far as possible, so as to 
reduce the resisting torque on the motor as 
far as may be convenient. The handle II, 
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of tlie rheostat M, is tLen so tiirneti aa to 
cut off ttie ourrent or disconnect its circuit 
entirely, Uuiler these circumstances, when 
the switch S, is thrown, so as to complete 
connection between the wires a and m, on 
one aide, aay the positive side, and h and 
w', on the negative side, then a conipai'a- 
tively feeble current will pasa through the 
field-magnet coils G, G, and steadily excite 
them, this current beiug determined by 
the resistance of the coils and the pressure 
of the cii-cuit. If now the handle //, be 
rturned slowly so as to close the armatui'e 
circuit through all the resistance in the 
rheostat, a current will pass through the 
"wires h, c, the rlieostat d, and armature a, 
And this current ivill start the motor from 
Test, pmvided the resisting toi'que is not 
too great. 

As the armature accelerates, the resist- 
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an<!e in the rlieostiit is cut out, ami, when 
tlie motor reaches full speed, the handle is 
turned so as to cut out all the resistance. 
In order to stop the motor, the reverae 
operations are effected ; namely, the rheo- 
stat handle is turned, without, howevei-, 
pausing for the slacking of the armature 
speed until the current is entirely cut off 
the armature. The switch ■% is then 
opened so as to cut off the motor fields, 
and the motor ia thus entirely disconnected 
from the circuit. In some cases, when the 
speed of the motor has to be adjusted, a 
separate rheostat, called a ^eltl rheostat, is 
inserted in the cireuit of the field coils C, C, 
and out of the path of the armature cur- 
rent. By altering the resistance in the 
field-magnet cireuit, within proper limits, 
the current strength passing through these, 
controlled by Olun's law, will vaiy 



the amount of flux 



■iing through the 
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magnetic circuit including the armatui-e. 
and force the latter to vary its speed in 
order to maintain a constant C E. M. F. 




The correct position of a jnii of brushes 
i-esting on a bipolar commutatoi is shown 
in Fig. 58 at A. It we suppose that this 
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each reversal. The more powerful the mag- 
netism the greater will be the expenditure 
of energy in every cubic ceYitimetre or cubic 
inch of iron per reversal. The energy 
takes the form of heat, so that when we 
rapidly reverse the magnetic flux in a piece 
of iron or steel we heat it even though no 
friction in the mechanical sense occurs. 
This loss of energy by magnetic friction 
is called loss of energy by hysteresis^ or 
liysteretic loss of energy. The more power- 
ful the mao!:netic flux throu<2:h the arnia- 
ture; the more rapid the rotation, and the 
greater the number of poles, the greater 
^vill be the h\'steretic loss of energy. In a 
bipolar field, all the iron in the armature 
core reverses the direction of its magnetic 
flux twice in each revolution. In a quadri- 
polar field it reverses four tinres in a revo- 
lution, and so on. 

Thus, referring to Fig. 25, it will be 
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observed tbat the armature A, is magnet- 
ized by the flux passing through it in the 
direction of tlie flux, having north polarity 
over tlie surface opposing the field pole S, 
where the flux emerges, and south polarity 
whei'e the flux enters, over the surface 
opposite the field pole JV. After the 
armature has made half a revolution, the 
direction of mao-netism in its mass will be 
reversed, the part mai'ked ;?, in the figure 
then becoming tlie part marked 6\ and 
vice versa. It is this reversal of mag- 
netism which gives ris(^ to hysteresis, and 
the more powerful the magnetic intensity 
in the armature which has to be reversed- 
the gi'eater the hysteretic loss. 

Electrical friction is due either to edd;/ 
currents^ or strafj curretds set up by dy- 
namo action in the mass of tlie conductor, 
armature core, or field poles ; or, to the 
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onlinary therrnnl expenditure of energy by 
the pa.s.sage of the armatui'e cun^ents and 
field currents through their respective 
windings. If, for example, the field coils 
of a motor take a cuiTcnt of 3 amperes 
stead i I V, to excite them from mains at a 
pressure of 110 volts, then they will expend, 
in heating the field coils, an activity of 330 
watts coiitinuouslv. 



CHAPTER VIII. 

ELECTRIC TRANSMISSION OF POWER. 

The high efficiency, low cost, and com- 
parative ease witli which the electric 
motor can be controlled as to speed and 
power ; the fact that it can be made to 
automatically regulate the current it re- 
quires; and its cleanliness, noiselessness, 
safety, compactness and portability, cause 
it to stand to-day in these respects un- 
rivalled as a prime mover. Not only, how- 
ever, does the electric motor possess these 
points of excellence far in excess of other 
prime movers, but it also possesses special 
advantages in the field of long distance 
transmission of power. 

817 
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It will be interesting to discuss the 
electric motor in tliis respect and to ex- 
amine the conditions under which power 
can be transmitted over considerable dis- 
tances. Suppose, for example, that it is 
desired to furnish, at a distant point, a 
steady activity of 50 horse-power, for 10 
hours a day. This power may be em- 
ployed, for example, to drive the machin- 
ery in a factory. We can either put a 
steam engine in the factory, or install there 
an electric motor, drive a generator at 
some distant point, from a water-power or 
steam engine, and connect the .generator 
with the motor by insulated electric con- 
ductors. 

A system for the distribution of electric 
energy is represented in Fig. 59, where G^ 
is tlie generator, situated at the source of 
power. M^ is the motor at the factoiy, 
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or point where the power is to be de- 
livered, and ah^ cd, are the wires connect- 
ing the two places. It is theoretically 
possible to employ only one wire, using the 
earth as a return conductor, as in teleg- 
raphy, but in practice, this arrangement 
has never been found satisfactory for the 





Fig. 59. — Ttpical Electric Transmission Systkm. 

transmission of power, and two conductors 
are always employed. 

The distance between G and M^ the 
generator and motor, tliat is between the 
points of supply and delivery, may vary 
from a few feet to many miles. In 



L 
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factories, po^ye^ ia distributed fi-om one 
building to another, or from diffeient 
parts of the same building by means of 
belta and couuter-shafting. The friction 
of such belts and shafts when long, may 
represent a considerable waste of power, 
8o that it is often muoh more economical 
to restrict the counter-shafts to short 
lengths, each operated by a separate 
motor, and distribute the power from a 
single central source, or poiver house, to all 
these motors, as secondaiy centres of dis- 
tribution. In such cases the transmission 
lines may be only a fe^v^ hundred feet in 
length. 

In cities, where electric central stations 
have been constructed, the demand for 
power, either for industrial or domestic 
uses, may be supplied by motoi-s operated 
on electric circuits consisting of the street 
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tnattts. lu siicli (.'.im(>s, tlic distrilniting cir- 
cuits may be one or two miles in length. 
Finally, cases may occiir where power can 
be developed imder speciully economical 
advantages, at partieulav localities; as, for 
example, at a waterfall, where turbines 
are iustalled, and tlitia cheap power may 
be transmitted to a distant city at a cost 
which may be less than that of produeiug 
the power in that city by the steam 
engine. In some cases, the distance to 
which the power may be transmitted may 
be many miles. 



Systems of electric transmission of 
power are, to-ilay, in fairly extended utse. 
Moreover, this ^]se is found in practice to be 
60 satisfactory that it is rapidly increasing. 

The gi'eatest distance to which power 
lias been electrically carried in any large 
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quantity is 109 miles, whicli is the dis 
tiiiice between the river Neckar at Laiiffen, 
Gerinaiiy, and the city of Fraiikfoi-t. 
During the Frankfort Electric Exhibitioa 
of 1891, about 200 hoi'ae-power was 
steadily transmitted fi-oin turbines driven 
at Lautfen to the Exhibition Building at 
Frankfort. 



The longest electric power transmission 
circnit operating coiuuiereially at the 
present day is at the San Joaquin valley to 
Fresno, Cal., over a distance of 35 miles, at 
an alternating-cuneDt pressui'e (triphase) of 
11,200 volts between conductors. The next 
longest eii^cuit in the United States ia fi-om 
Folaom to Sacramento, Cal., a distance of 24 
miles, transmitting 3,000 HP. at 11,500 volts 
alternating triphase pressure. The longest 
cireuit in Europe is from Tivoli to Rome, 
a distance of 18 miles at an alternating- 
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current Uniphase pressure of 5,000 volts. 
This system has been installed three years. 

We propose to examine the conditions 
which affect the problem commercially. 
Assuming that the 50-horse-power con- 
tinuous current motor installed in the fac- 
tory above referred to, may be wound for 
any desired pressure, and will possess, 
when so wound, an efficiency of 90 per 
cent., then the electric horse-power which 
must be supplied to its terminals, in order 
to maintain a steady mechanical activity, 

50 
will be, 7y^ = 55.55 horse-power = 55.55 

X 746 = 41,440 watts = 41.44 KW. 
This electric activity could be supplied as 
41,440 amperes at a pressure of 1 volt, in 
which case the motor would have to be 
wound for 1 volt ; or, as 20,000 amperes 
at a pressure of 2.072 volts ; or, as 1,000 
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amperes at a preaaure of 41.44 volts ; or, 
100 amperes at a pressure of 414,4 volts: 
or, 10 amperes at a pressure of 4,144 volta. 
In each case, the motor would have to be 

woimd for tlie required pressure. 

Let us suppose that the cost of winciing 
the motor is the same whatever pressure 
might be employed. This would not be 
strictly true, since the wiudiiig for either a 
very loiv, pressure, or a very higli pressui'O 
motor would be comparatively expensive; 
but, within a certain range, say from 50 
volta to 1,000 volts, the cost would, prob- 
ably, be nearly the same. Similarly, the 
cost of winding the generator for any pres- 
sure may be considered at present as con- 
stant. Let us also suppose that a certain 
logs of power i.'! allowed iu the transmission 
lines or couduetors, say 10 per cent, of the 

i-load power developed at generator ter- 



1 
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ininals. Tlie efficiency of the line being, 

9 
therefore, — , the power to be supplied at 

the venerator terminals would be — '- — = 
^ 0.9 

46.04 KW. 

We then have an unwound generator at 
the transmitting end of the line, whose 
output, at full load, must be 46.04 KW, 
an unwound motor at the factory, or 
receiving end of the line, whose intake 
must be 41.44 KW, and whose output 
will be 50 horse-power, or 37.3 KAV. 
The size of the conductors between these 
two points remains to be determined. 

Let IIS suppose that the distance 
between these two stations is 5 miles; 
then the total length of circuit will be 10 
miles, including the outgoing and return- 
ing conductors. In order that the loss of 
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activity in the resistance of tbese 10 miles 
of comluctiug wire, shall as above 
assumed, be 10 per ceut. of the activity 
supplied at the generator terminals, it Is 
necessary that the drop of pressui-e pro- 
duced by the working current in these 10 
miles, shall be 10 per cent, of tlie pressure 
at the generator terminals. Thus, if the 
pressure at generator terminals be 500 
volts, and the pressure at the motor termi- 
nals 4.50 volts, then the drop of pressure 
in the line will be 50 volts, or 10 per cent. 
of that at generator terminals, and the 
activity expended in heating the resistance 
of the line wii-es will be, in watts, 
50 volts X working current in amperes, 

while the activity expended in the 

motor will be 
450 volts X working current in amperes, 

the total activity of the generator, being, 
500 volts X working curi'ent in amperes. 
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If then, we wind the generator for 10 
volts, and the motor for 9 volts, we lose 10 
per cent, of our electric activity in the 

line, but the current must be — i^yr— = 4,604 

amperes, and the drop in the two lines 
together, one volt, or half a volt in each. 
The resistance of the two lines too^ether 

must, therefore, be -t^tt-, ohm, and the re- 
' ' 4,604 ' 

sistance per mile must ])e jr-th of this, or 

T7r-/vT7: ohm. Oi'dinary trolley wire, No. 
46,040 -^ "^ . 

A. W. G., has a resistance of, approx- 
imately, half an ohm per mile. Conse- 
quently, the size of conductor, which 
w^ould have to be employed in order to have 

only ,-^-7777 ohm per mile, would have to 
•^ 46,040 ^ ' 

be — ^5 — = 23,020 times as heavy, or as 
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large in cross-section. Such an enormous 
conductor would be prohibitively costly 
and, tlierefore, such a system of transmis- 
sion could uot be carried out in practice. 

If now, the generator were wound for 
TOO volta, and the motor for 90 volts, 
representiug a di-op in the transmission 
line of 10 volts, or 5 volts in each wii'e, 
the current strength iu the circuit would 

1 46,040 ^, 

be ' z. 460.4 amperes. The resist- 

ance of conductor, which would produce a 
drop of 10 volts with this current would 

10 , 1 , , , . , . 

be juTTT <Jhm = TaQl ohm, and this being 

the resistance of 10 miles of conductor, 
_1_ 
60.^ 

ohm. If we assume the resistance of a 
trolley wire, as before, to be exactly lialf 




THE TRANSMISSION OF POWER. 229 

an ohm, the size of the conductor neces 

460.4 
saiy would he equal to — ^-^ = 230.2 

trolley wires in cross-section or weight. 

By increasing the pressure of trans- 
mission ten times ; namely, from 10 volts to 
100 volts, we have reduced by 100 times 
the size of wire, which is necessary iu 
oilier to transmit a given activity of iJO 
borae-jwwer with a fixed percentage of 
loss, because we have reduced the curi'ent 
strength ten times, and we have increased 
the permissible dntp in the circuit from 1 
volt to 10 volts, so that the resistance has 
been increased 100 times. 



In the same way, if the generator be 
wound for 1,000 volts, and the motor for 
900 volts, allowing 10 per cent, drop in 
transmission lines, as before, the current 
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strength necessary to deliver 46,040 watts 
at the generator terminals will be 

l^ = 46.04 amperes, and the resistance 

wliich will have to exist in the two trans- 
mission lines, in order to produce with this 

current a drop of 100 v^olts, will be tttttt = 

^ 46.04 

2.173 
2.173 ohms; or, "' . - 0.217 ohm per 

mile. If we assume that the trolley wire 
has just 0.5 ohm per mile, then the size of 
the wire necessary to employ between the 

i^enerator and motor w^ill be — '-~-r— = 
^ 0.2173 

2.302 times that of trolley wire. Roughly 

speaking, therefore, the size of the wire 

would only be twice that of the trolley 

wire. Tliat is, for a loss of 10 per cent, or 

4.()04 KW. in transmission the size of 

wire for 
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10 volts at geuenitor terminals, and 9 at 

motor temii rials, would have to be 

23,020 times trolley wire. 
100 volts at generator terminals and 90 

at motor terminals, 230.2 times trolley 

wire. 
1,000 volts at generator terminals and 900 

at motor terminals, 2.302 times trolley 

wire. 
10,000 volts at generator terminals and 

9,000 at motor terminals, 0.02303 times 

trolley Avire. 

In other words, the cost of copper 
required for a given distance and given 
loss in transmission varies inversely as the 
square of the electric pressure. 

We have hitherto assumed that the dis- 
tance between the generator and the motcv 
was 5 miles. Let us now suppose that 



r 
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tills distance is doubled, or chaiiged to 10 
miles, and that the leugth of the circuit is, 
consequently, changed to 20 miles. If, 
as before, 10 percent, of the electric ac- 
tivity has to be expended in the resistance 
of the circuit, theu the same number of 
volts di-op will have to be developed in 20 
miles, which previously were developed in 
10, so that the resistance per mile of the 
conductor must be halved for any given 
pressure at generator and motor. 

Thus, if tlie genei'ator be wound for 
1,000 volts and the motor for 900 volts, 
the drop in the transmission lines will be 
100 volts, as before. The current will be 
46.0-1 amperes, and the resistance of the 

= 2.309 ohms, and 
the resistance per mile, — th of this, or 



_ circuit as before 
^K the resistance pei 
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O.E 



0,1151 ohm, r 



■equnmg a wire --j- = 

4,604 times that of trolley wire, or twice 
as big a wire aa when the cii-eiiit waa only 
10 miles in length. Moreover, since we 
have to provide 20 miles of this double 
wire, instead of 10 miles, it is evident that 
the total weight of copper conductor will 
lave increased four times. 



Similarly, it will readily be found that 
if we trebled the distance between gener- 
ator and motor we should have to use a 
wire three times as lai'ge for 30 miles 
as for 10 miles, and would, therefore, 
require 9 times the total weight of the 
copper needed in the firat instance. In 
other woitls, the total weight of con- 
ductor required in a transmission system 
varies with the square of the distance be- 
tween generator and motor for a given 
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Assuming that the amount of money 
which must be expectleil iu conductors 
to trausniit a given number of horse- 
power over any actual distance, at, say 
1,000 volts pressure, is not excessive ; or, 
in other words, that it will pay to employ 
continuous-current electric transmission 
under these coniHtions, the question next 
arises, What should be the percentage of 
drop allowed in the line ? If we employ 
a large percentage of drop we reduce 
the size and cost of the copper con- 
ductors, but at the same time we waste 
more activity in the conductors, which 
wasted activity has a money value. At 
what point then should the drop be fixed 
BO as to secure the maximum economy? 



In practice the solution to this problem 
can only be determined by making actual 

estimates with different percentages of 
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P drop. For example, if the distance be- 
tween generator and motor be 1 mile, 
and the pressure at the generator terminals 
1,000 volts, then the problem is to <leter- 
mine what shall be the most economical 
drop to employ in the line comluetoi-s. It 
is evident that the amount of power to be 
transmitted does not enter directly into 
this question, because, if we double the 
power transmitted, we merely double the 
whole transmission system, including gener- 
ator, wires and motors, so that -we may, for 
convenience, simply consider the transmis- 
sion of one horsepower. Let us suppose 
that 1 K\V capacity in motore costs say 
$40 when installed, so that 1,000 KW maxi- 
mum mechanical delivery at the motor 
shaft costs $40,000 in motor machinery. 
Then, if the efficiency of the motor be 
taken, at say 90 per cent., which would 
be a fair value for moderately large sizes 
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of luotui-H, tlie electric activity at motor 
termiiialH, per KW delivery at belt, would 
be 1.111 KW. If uow, a size of wire 
which would expend in resistance at the 
woi'kiog pressure lU per ceat. of the 
ma:ximum pressure employed, the total 
activity at the gencmtor terminals would 
be 1.235 KW and the power delivered 
to the generator shaft assuming 90 per 



cent, efficiency would be 



1.235 
~0T 



KW = 



1.372 KW. Consequently, we have, under 
tiiese conditions, to supply 1.372 KW 
to the generator shaft in order to 
obtain 1 KW from the motor shaft. The 
total annual charge of the system will be 
the interest and depreciation on the invest- 
ment, added to the cost of superintendence 
and i'epaii'3 and the cost of the power 
supplied at the generator shaft. If the 
power be obtained from a watei'fall, which 
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is not limited iu supply, tLeii a little extra 
loss of power in the line will not be ;i 
matter of serious consetiueuce, since it will 
only involve the use of a correspondingly 
larger generator and turbine, so that the 
coat will only be increased by the fixed 
charges on the extra iuveatinent. If, how- 
ever, the power to be transmitted is fjoni a 
steam plant, not only will the engines and 
boilers and generators at the transmitting 
end have to be largei', by reason of a 
greater waste of power in tlie line, but also 
the coal consumed at the generating end 
will be increased. We, have, themfoie, to 
find by trial and estimate such a size of wire 
as will make the total annual cost of the 
power delivered a minimum. If we make 
the wire too small and its resistance too 
great, its first cost will be reduced and the 
annual interest on the wire will be reduced. 
There will practically be no depreciation 
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Oil oopper wire, althougli there will be 
aome depreeiatiou on the poles, supports or 
insulation which must be maintained about 
the wire. On the other hand, the engines, 
boilera and generators will coat more, and 
the coal per horse-power hour, or per KW 
hour, delivered will cost more. If we 
inalie the wire too large, we reduce the 
cost of coal iu the generating station, and 
also the fixed aimual charges of interest, 
depreciation, superintendence and repairs 
ou generating plant which is now smaller, 
but we have an increase in the fixed 
charges upon the gi'eater iuvestraeut in the 
line conductors. Economy requii'es that 
the total ehai'ges or total annual expense 
shall be as small as possible, and, con- 
sequently, the size of the wire must be so 
chosen that under the estimated conditions 
of load the total cost of wire, powei" and 
generating apparatus shall be a minimum. 



CHAPTER IX. 

ALTERNATING-CURRENT MOTORS, 

Considerable attentiou has beeo paid 

of receut years to the development of 

alteraating-curreut machiuery, owing to 

the facilities which such ma(;hineiy poa- 

aesses for the long-distance transmission 

of power. While it will be necessary to 

refer briefly to the differences between the 

alternating and continnous cun-ent, space 

will not permit the discussion of the 

peculiarities of alternating currents to any 

great length, and the reader is therefore 

referred to the aiithora' volume on "Alter- 

I nating Electric Currents," in the Ele- 

l| mentaiy Electro-Technical Series, for more 

I complete particulars in that direction. 

I 341 
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A contlniiom E. M. F., that is an 
E. M. F. wbicli always acts in the same 
tlirectioii, establishes, or tends to establish, 
a continuous electnc current in its circuit. 
An aUeniating E. M. F., that is an 
E. M. F. which at I'egular auecessive in- 
intervals reverses its direction, establishes, 
or tends to establish, an alternating current 
in its circuit. A continuous-current cir- 
cuit has its analogue in a reservoir, which 
discharges through a pipe or hydraulic 
conductor. An alter natiug-curi-eut circuit 
has its analogue in a hydraulic circuit in 
which a pump drives water alternately 
backwai'ds and foi'wards at regular inter- 
vals. Tlie tidal flow in a river is another 
exaniiile of alternating water currents. 



A complete to-and-fro motion or double 
alternation constitutes a cycle. The num- 
ber of cycles per second, or per minute, con- 
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Btitutes what is called the frequeiu-y. In 
commereial practice the frequency varies 
between 25 cycles per second, or 50 rever- 
sals of E. M. F. and current per second, 
(1,500 cycles per minute, or 3,000 re- 
vereals or alternations per minute) and 140 
cycles, or 280 alternations per second, 
(8,400 cycles, or 16,800 alternations per 
minute). 



The current streugtii in an alternatiug- 
curreht circuit, unlike that in a continu- 
ous-current circuit, does not depend only 
upon the E. M. F. and the resistance as 
related by Ohm's law. To deteiraine the 
cm-rent strength in alternating-current cir- 
j cults, it is necessary to take into account a 
I new quantity called renctance. Reactance 
Lis a quantity similar to resistance, and like 
fit, is capable of being expressed in ohms. 
fits value increases directly with the fre- 
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quency. A coil of wire, for exaiuple, 
either with or without an iron coie, baviug 
a resistance of 3 ohms, will permit a cur- 
i-ent of 3 1/3 amperes to flow through it 
under a continuous pressure of 10 volts; 
but, if the E. M. F. applied to its termi- 
nals, iustead of belug contiuuous, alter- 
nates with a frequency of say 50 cycles 
per second, the coil wiU possess not only 
a resistance of 3 ohms, but a reactance 
which might be, at this frequency, saj' 4 
ohms. This reactance has to be consid- 
ered as to its effect of reducing the cun-eut 
strength. If the frequency were doublet! ; 
that is, increased to 100 cycles per second, 
or 200 revei-sals of E. M. F. and curit-nt 
per second, the reactance would be 
doubled, or increased to 8 ohms, and if 
the fi'equeney were made 150 cycles per 
second, the reactance would be increased 
to 12 ohms. 
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The amount of the reactauce depends 
not only upon the number of turns in the 
coil but also on their ability to produce 
magnetic flux through the coil. The 
greater amount of magnetic flux which 
will be produced by the current in passing 
through the coil, the greater will be the 
I'eactance of the coil for a given fi'equency. 
The reactance is sometimes described as 
the chohhig effect of the current, since it 
tends to check or choke the cun-ent which 
flows; but the amount of this choking, 
that is the total effective resistmice, cannot 
be determined by simply adding together 
the resistance and reactance. Thiis, in tlie 
case of the above coil, having 3 ohms 
resistance and 4 ohms reactauce, at a 
fi'equency of nO cycles per second, gener- 
ally i-epresented thus, 50~,the effective re- 
sistance of the coil will not be 7 ohms, but 
can be obtained by drawing the resistance 
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as the base, and the reactance as the per- 
pendicular of a right-angled triangl-e as 
in Fior. 60. The combined influence of re- 
actance and resistance will then be repre- 
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^ RESISTANCE 3 OHMS A 

Fig. 60. — Diagrams Indicating Relation op Imped- 
ance TO Resistance and Reactance. 

seated by the lengtli of tlie hypothenuse 
OB, which in tliis case will l>e 5 ohms, so 
that the current strength passing through 
tlie circuit will be 10 volts, divided by 5 
ohms = 2 amperes. 
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Ohm's law, as modified for alternating 

current circuits, is, therefore. 

Volts E. M. F. 

Amperes = 7=^^ ^ 3 

^ Ohms Impedance. 

If the frequency of alternation be doubled, 

so that the reactance is doubled, or be* 

comes 8 ohujs, the inqyedance^ as shown in 

Fig. 61, will be increased to 8.544 ohms, 

and the current strength in the coil wdll, 

therefore, be reduced to r-^- : = 1.17 am- 
' 8.o44 

peres. If the fretjuency of alternation 

were made indefinitely small, so that the 

current became continuous, the injj)edance 

would become the simple lesistance. 

Reactance plays a prominent [)art in all 
alternating-current circuits. It is usefully 
employed in apparatus called alternating' 
current transformers^ which consist essen- 
tially of coils of wire wound upon a 
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coinmon core. One of these coils is con- 
nected with the driving 0Y2)riinary circuity 
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Fro. 61.— Diagram Indicating Relation op Iaiped- 

ANCE TO Reactance. 



while the other coil is connected with the 
driven ox secondary circuit ; i. e,^ the circuit 
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to wliicb febe activity haa to betransfeneil. 
When the secondaiy circuit is opened and 
is, therefore, devoid of aeti\'ity, the react- 
ance of the coil in the ptiniaiy circuit has 
ft niaxinuim value dejiending upon the fre- 
quency, the number of tnras^ aud their 
aiTangement upon tlie iron core, ao that 
tlie impedence of the primary coil haa a 
definite and usually a large value in ohms. 
Consequently, the primary coil takesaveiy 
small cuiTent when supplied at a given 
pi'easure. When, however, the secondary 
circuit is closed through incaudesceot 
lamps, motors, or other ilevices, the effect of 
the activity, which is fcbns transferred from 
the primary to the secondary coil is to 
lower tlie reactance of the primary coil, and 
thus reduce its impedance, permitting a 
greater curi'cnt strength and activity to 
enter the pnmarj' coil from its supply 
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An altematiug-currect transformer is, 
therefore, an apparatus, which, without 
revolving parts, automatically transfers 
energy from its primary to its secondary 
circuit. At the same time, it possesses a 
very valuable property of transforming the 
energy, in regard to pressure aud current, 
in a manner depending upon the winding 
of the primary and secondary coils. If tlie 
primary and secondary coils have the same 
size and the same uamber of turns, the 
primary and secondary E. M. F.'s mil be 
practically the aame, but if the primary 
winding has, say 10 times the number of 
turns as in the secondary winding, the E. 
M. F. acting in the secondary circuit will be 

YTrtli of that in the primary circuit. Such 

a transformer is called a step-down trans- 
former, becauae the pressure is reduced 
in the secondary circuit. If, however, 
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' the secondary winding has, say 10 times the 
number of turns as in the primai-y wind- 
ing, the secondary E. M. F. will be 10 times 
as great as the primary E, M. E. and the 
current strength will be, approximately, 

TT-.th of the primary cairent strength. 

Such a transformer is called a step-up 

tratisfofiiiei; because it effects an increase 
in pressure in its driving circuit. 

It is obvious, that if no activity were 
absorbed in a transfwmer, the activity in 
the secondary circuit woirfi be equal to 
the activity received by the transformer at 
its piiraary terminals. As a matter of fact, 
the losa in a ti-ansformer, although com- 
paratively small, is nevertheless qiiite 
appreciable. A large transformer will 
deliver, at its secondary terminals, about 
i per cent, of the activity it receives at its 
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j)i'imaiy terminals, or will absorb as heat, 
about 2 j)er cent, of its maximum received 
activity. This loss of 2 per cent, will be 
only slightly reduced at no load, or on 
open secondary circuit, so that, if a 10 
KW transformer; /. e,, a transformer cap- 
al)le of deli veering steadily an activity of 
10 KW in its secondary circuit, absorbs 
300 watts at full load, it will require to be 
supplied with 10.3 KW at its primary 

terminals, and its efficiency will be ^-r-: = 

-^ 10.3 

97.09 per cent. Usually, the greater part 

of this loss of 300 watts will occur at all 

loads, so that roughly say 200 watts will 

have to be expended in operating the 

transformer, when it is delivering no 

j^ower to its secondary circuit ; i. e.j when 

its secondary circuit is ojien. 

We have seen that in a continuous-cur- 
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rent circuit the activity is always exp' 
as the product of the amperes and the 
volts, or in other words, on the rate of sup- 
ply of current, anil the pressure at which 
that current is supplied. In an alternat- 
ing-current circuit, however, this lelation 
ceases, ae a general rule, to be strictly ap- 
jilicable. This is for the reason that the 
impulses, or waves of current, do not, as a 
rule, exactly coincide with the impulses or 
waves of E. M. F. When the curi-ent 
waves do coincide, or keep exactly in step 
with the E. M. F. waves, then the activity, 
in watts, is the product of the amperes aud 
the volts, ai in continuous-current cii'cuits, 
but it iisually happens that the current 
waves do not coincide, or are out of step 
with, the E. M. F. in the circuit, and geu- 
erallylag behind the lattei". If we could 
watch the waves of E. M. F. and current, 
we should find that the crests of the E. M. 
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F. ^"-r^ lsll't irriTeti Ah!e:kci of the ear- 
I'^i-" j.~-r>. j^rbjii^a aa»ler eert^iin eircuui- 
-rj.:.:^-^ '-i-r r*r -rr^^r ELiAv be tru«^, aiid the 
: i7V*r:L: ' i--r :r»rr?;:.^ tLLiy arrive iu advance 
: :L-r E. >L F. -^:it^ «-ne:?C5^ The current 

rir>e»l as la^^jhoj or 






Tlr -riTr:: .f ju li^ jf a lead is to pro- 
•.l::e :i'_: • - •-:::.:: ''-r:-ve*rn the E. ^L F. 
lir . :rv-L: vl.: L ";: ..Irives, since it is 
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cvM-'^'. :*:.:ir iiriL^' ^.hr^ entire cvcle, the 
E. M. F. v"/.- ! : ' ^ ::l rue same diivc-tion 
a.> ihk: c iiI't:-:, ' i: 'luriiiir a pi.»rtiou of 
the evelf. rh-:^ ourieiir and the E. M. F. 
waves will have ''pj^^^-ite ♦liivctions. For 
this reasv^i the aotivitv *A the E. M. F. 
will not be so gi*eat as the pr^xluct of the 
volts and the amperes, but will have to be 
reduced by a factor called thi.' j^f we r factor j 
always less than unity, and only reaching 
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unity when there is uo lag or lead ; i. e., 
when current and E. M. F. waves coincide. 
In special cases the power factor may be 
as low as say 1 per cent., in whicli case 
the current and the pressure would he 
nearly out of step, the crests of one nearly 
coinciding \vith the mean levels of the 
other. Under ordinary circumstances, the 
power factor is usually more tliau 50 per 
cent, or 0.5, and it ia quite commonly over 
90 per cent, or 0.9. In such cases we have 
to multiply the volts by the amperes and 
by the power factor, in order to obtain the 
tnie activity. In other words, the volts 
and the arapei-es, when multiplied together, 
caunot be less and will generally be more 
than the actual activity of the circuit in 
whicli they are measured. 

M When a circuit has very small reactance, 

I relatively to its resistauee, the power 
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factor will be large, or nearly 100 per cent. 
Oil the coQtrary, when tlie reactance is 
large relatively to the resistance, the power 
factor will be small. Consequently, the 
power factor of an incandescent lamp is 
almost exactly 100 per cent,, because the 
fllainent, having only a single bend or loop, 
possesses an extremely small reactance and 
a relatively large resistance. Therefore, if 
we multiply the volts anil the amperes 
observed at the terminals of an incan- 
descent lamp, or group of incandescent 
lamps supplied on an alternating-cur- 
rent circuit, we obtain almost exactly the 
real activity which is supplied to them. 
If, however, we take a coil of wire having 
a large number of turns and a small 
resistance, the pressure and current, ob- 
served at the terminals of this coil, may be 
consiilerably out of step, or may be, as it 
is frecpiently called, displaced in phase, so 
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that tlie product of the volts and j 
may be considerably in 



activity ex[) 



Mided 



I the t 



IPfT? 




— Alternatino-C 



Any dynamo for generating alternating 
E. M. F.'s is called an alternator. Fig. 62, 
represents an alternator employed for 
electric lighting. Since every dynamo- 



THE ELECTRIC MOTOB AND 

electric generator develops iu its armature 
E. M. F.'s which alternate, it is eviileut that 
a eouti imous-ciUTeD t machine diftVis fmui 
an alternator principally iu the fact that it 
employs a commutator to dii-ect all the 
alternating-current impulses iu the same 
direction, so far as the external circuit is 
concerned. In Fig. 62, is shown a sesti- 
polar machine, driven by a pulley /*, and 
pro\'ided with a pairoE colhctor riivjs r, r, 
for delivering the alternating E. M. F. to 
the external circuit. The machine also 
drives by the pulley P-^, a small coutinuouf- 
current generator G, called the €xeiteryt\i& 
function of which is to produce a suffi- 
ciently powei'ful continuous current to J 
excite the field-magnet coils jJ/, M, M, of I 
the alternator, I 

I ^ 

H "When two ordiuary alternators are con- 

B nected by a pair of Avires, with the object A 




of eraployiug one as a generator ami tbe 
other as a motor, it is found that the motor" 
will not start from rest when connected to 
the ruuuiug generator. This is for the 
i-eason that before the ai-matm'e of the 
motor has had time to start up at full 
speed in one direction, by the action of 
any particular wave of current, the next 
and opposite wave of current has i-evei-sed 
the electi'o-dynaniic foree and arrested the 
motion. If, however, the motoi' aj-mature 
be brought, by an externally a[)plied foi'ce, 
up to the speed at which it should run in 
order to develop the same frequency as the 
generator, then if its field magnets are ex- 
cited, its armature circuit may be closed in 
such a manner that the armature will fall 
into step with the impulses I'cceived from 
the generator, and the motor will commence 
to be driven. This is because the arma- 
ture of the motor reverses the direction of 
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its C. E. M. F. nearly in synclironism with 
tlie reversal of the direction of the cur- 
rent. The two machines then keep in 
step, or are said to run synchronously. 
The motor may exert a powerful torque 
and exert a considerable mechanical activ- 
ity; but, provided that it be not too 
lieavily overloaded, it will maintain its 
synchronism with the generator. On 
being su]>j(3cted to an excessive load, it will 
fall out of stop, Avill fail to receive activity 
from th(i g(m'erator, and Avill then rapidly 
come to rest. 

The practical difficulty experienced with 
alternating-current motors, until recent 
times, Avas that they Avould not start from 
r(\st, so that a prime mover of some kind 
was m»c*essary in order to bring the alter- 
nating-current motor up to speed before 
it could be usefully connected with the 
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cirouit. Synchronous alteruiitiiig-ciiiTeut 
motors of this type have been bronght 
up to speed in a variety of ways. In 
some cases, this is effected by uieaus of 
special ivimlings ou the armature, capable 
of acting as coutiuuous-curi'ent machines 
iindei' light loads, and sometimes by storage 
batteries and auxiliary motoi-s. In other 
cases continuous-curi-ent exciters are em- 
ployed at each end of the line, as ordi- 
naiy continuous-current generators and 
motors, thus obtaining sulHcieut power 
fi'om the line circuit from the generating 
exciter to the niotui' exciter, to be able to 
run the motor armatui'e unloadeil, up to 
synchrouous speed when the excitei-s wouhl 
be disconnected from the cii-euit anil the 
alteraating-cuiTent armatures connected 
thereto. The inconvenience, however, of 
having to bring the motor arraatui-e up to 
speetl, where frequent stoppages are necea 
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sary, baconies so great that tlie eyncbro- 
nous alternating-current motors have never 
come into extended commercial use. A 
device, however, which is sometimes used, 
is to provide the motor-arinatnre with a 
double winding, one winding having a 
commutator for the production of con- 
tinuous currents, and the other winding 
aiTanged, like that of an alternator arma- 
ture, for the passage of alternating currents. 
By connecting the contimion.s-current 
winding with the alternating-current 
mains, the motor may be started and 
brought up to speed by allowing the field 
magnets to revei-se their jxilarity at each 
alternation of the current, bo that the 
mjignetie flux reverees colncidently in lioth 
field and annature at ever}' alternation 
of current. After full speeil has been 
attained, the alternating-current winding 
is connected to the circuit, so that the 
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motor runs synchronously, while the con- 
tinuous-curreut winding supplies the cur- 
rent necessary to steadily energize the field 
magnets. 

The difficulty of starting and operating 
synchronous alternating-current motors, 
has, however, led to the introduction and 
development of multiphase alteruating- 
cuiTents and multiphase motors. 

A muUipJmae altei-iiating-curreiit system 
is a system of two or more circuits tra- 
veraed by independent alternating currents, 
possessing a definite difference of phase. 

A diphase system, or two-phase system, 
is a system consisting of cii'cuits having 
two alternating currents differing in phase 
by one quarter of a cycle. 

A triphase system, or three-phase system, 
is a system of circuits having three alter- 



H IS a sysiei 
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natiug ciirrents, differing in phase by one 
tliinl of a cycle. 

MiiUiphme systems of any complexity 
niiiy exist, Imt iii practice not more than 
three Heparate cmrents are employed. 




L 



Fig. 63, represents the simplest form of 
diphase system, comprising two distinct 
circuits supplied with alternating currents 
fi-oui a common source at A. Tlie circuit 
ab, cd, taken by itself is a simple alter- 
nating-current circuit. Tlie circuit efy gh, 
taken similarly is also a simple alternat- 
ing-ciiiTent circuit, but these cii'cuits, taken 
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together, constitute a diphase system, for 
the reason that the waves of E, M. F. 
and cun'ent generated in the circuit a?jcd; 
differ in phase by one quarter of a cycle 
from those generated in the eircuit efffh. 
The impidaes reach their cresta in one 
circuit, when at their zero or mean levels 
in the neighboring circuit. This result 
niay be obtained by employing either two 
ordinaiy or uniphaae generators, rigidly 
coupled together on the same shaft, in 
such a position that the E. M. F. waves 
in one are generated one quarter cycle 
ahead of the E. M. F. waves in the other; 
or, by employing two windings on the 
armature of one alternator so ari'anged as 
to produce tlie necessaiy difference in 
phase. 



Instead of employing two entirely eepar 
rate circuits for the two alternnting cur- 
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rents of a diphaaed system, as shown in 
Fig. 63, a common return conductor may 
be employed and only three wires used as 
in Fig, 64. In such cases, the third, or 
mi'l'ii" '""'ductor, ismade about 40 percent. 
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he;ivier in oriler to carry the increased cur- 
rent strength. The diphaae system requires 
-that the waves of current and K, M, F. In 
"the conductors a h d, shall be a quarter 
cycle out of step mth those in the con- 
ductor g hd. 
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A triphasei' is an alternator which pro- 
duces three E. M. Fs. differing from one 
another in phase by one third of a cycle. 
Such triph-'ise currents might be produced 
by three unipbawe ai'matiirea rigidly 




clamped together on a single shaft, but so 

set that the E. M. Fa. differ in phase by 

one thiitl of a complete cycle. Such a coni- 

' bination is diagramniatically represented 

I in Fig, 65, where the three separate circuits 

I have Uniphase currents, but the current 

waves in the three circuits differ by one 
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third of a ^de. Id practice, however, six 
wires are never used for a triphaser, but 
three wires only, each wire serviog in turn 
as the retora of the other two. This ar- 
rangement is represented in Fig. 66. 



1^ 
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, 66— TsiPBASK Thbek-Wirk Ststem. 



Fig. 67, shows a foim of triphaser having 
40 poles and capable of maintaining an 
activity of 500 KW; 166 2/3 KW in each 
of its three circuits. The pressure is 500 
volts between each pair of terminals. The 
armature is driven at 108 revolutions jwr 
miuiite. The frequency is 36~ per sec- 
ond. The dimensions of this machine are 
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lOr" X 213" and its lieigLt 150". The 
totiil weight is 108,000 |KniDds, or about 
216 pouiuU per KW of outjiut. The 
anuature has three separate \\iudtDg8 iu 
which triphase E. M. Fa. aie developed. 
The three maiu leads are shown in the 



Fig. 68, shows another fonn of belt- 
driven triphaser, hafriiig 10 poles and mak- 
ing 600 revolutious per minute. The 
frequency is 50~ ^xir second, the aeti\'ity 
250 KW; or, 83 1/3 KW, in each cir- 
cuit. This machine is seen to be sepa- 
rately excited. Its \veight is about 30,000 
pounds, or 120 pounds per KW. 



Another type of multiphase system is 
the Jiwiwcyclw system. This system has 
been designed for use In central stations 
where the main load is that of lighting, 
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but where aitemating-cmrent motors re- 
quire to be operated fi-om tbe eirenit. The 
aroiatui-e is wound with two sets of coils, 
one constituting the niain wintling, which 
corresponds to that of an ordinary uui- 
phaser, while the second mnding 13 of 
smaller cross-section jind fewer turns*, auil 
is connected to the centre of the main 
winding as shown in Fig. 69, at A, where 
a o h, represents the main anuatui'e wind- 
ing, and o c, the short co'dovtettserwimlituj. 
Tiiree terminals are thus led out from the 
the armature at it, b and c. The terminals 
a and b, connected by means of collector 
rings and braahes to the external circuit, 
constitute the lighting circuit, while a 
thii-d wire fiinn c, enables an alternating- 
current motorto be operated ineonjimction 
with the other two. The windings are so 
ariunged that the E. M. F. in C D, is in 
diphase relation to that in ^4 B, m rep- 
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resented diagi-amiuatically at £, in Fig, 
69, the loop a b, being wound on the 
drum at right angles to the half loop o c. 




Fio, 69. — Diagrams OF Monocyclic A R MATH BE WiNDmo. 

A >noiio€'ji:lk! aniuitin-e is represented in 
Fi- 7n. .1, /,';md <', '.u-i, the flnxT- cul- 




I 

H lector rin^, forming the main terminals 
H of the armature. The ivindings are just 
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visible lu the slots left betvveeu the teeth 
or iroD arinatuie pi-ojectious. The shape 
of the coils is I'epfeseuted in Fig. 71. The 
main foils are flat, while the teaser coils 





are bent in auch a manner as to permit 
them to be laid across the main coils in a 
niiilvvay position, so as to generate their 
E. M. Fs. a quarter cycle out of step with 

those in the maiu coils. 
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A form of mQiwcyclic. alternator ia rep- 
resented in Fi^. 73. This is a 3 20 KW 




machine, woaml for 60~ per second, aad 
a pressure of 1,150, 2,300 or 3,450 volts 
between the main terminals, according to 
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requireraeiits. This machine weighs about 
15,000 pounda or 125 pounds per KW". 

The connections for use with a niouo- 
cijcliv si/stet/i are shown iu Fig, 73. Here 
the generator terminals A and H, are con- 
nected with the mains for lighting. T^, 
represents a step-down transformer whose 
primary terminals /*, and J*^ are con- 
nected to the mains A and H, respec- 
tively, at ft pressure, of say 2,200 volts. 
Tlie secondary terminals s,', s^ and s^, of 
this trauafunner constitute a uniphase 
three-wire sijstem, having 220 v<}lt3 be- 
tween Sj or Sj or 110 volts betweeu s^ and 
Sjj; and 110 volts between Sg and «g, with- 
out any difference in phase. This is ob- 
tained by dividing the secondary coil into 
halves. The secondary circuit is cnnnectetl 
with lamps on each aide of the three-wire 

stem as shown, TJ, is a step-down tmng- 
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former, transfonniiig from 2,200 to say, 
50 volts, for operatiug two arc lamps in 
parallel. The primary terminals of this 
transformer are connected to tbe main 
leads A and H. 71, is a transformer 
whose primaiy terminals are also con- 
nected with A and £, while the sec- 
ondary coil in this case, having a single 
pair of terminals, is connected directly 
with incandescent lamps, and also mth 
a small fan motor, which being of small 
size can be operated \vithont the use of 
multiphase eiirreuts, 71, is also a Uni- 
phase transformer connected with the pn- 
mary mains A and Ji, and feeding in its 
secondary circuit 110-volt lamps, as well as 
two arc lamps thnmgli a compensator. 

Hitherto we have simply examined the 
devices which have been operated from 
the mains A and £, without tbe use of 
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tLe pmve)- wire, the dotted line connected 
with tlie teraiiual O, and all that we have 
yet examined might have been obtained 
from an oidiiiaiy uniphaser. To operate 
an iiidut'tiou motoi', two transforiuei's have 
to be employed, such as ?1 and 71, the 
primary terminals of one being connected 
between A and C, and those of the other 
between B and C The secondary termi- 
nals, when connected with the motor, as 
shown, generate a system of triphase cur- 
rents in the motor a. Similarly, the two 
tranaforniere T, and Tg, one connected 
ivith its jirimary terminals between A and 
Ji, and the otber transformer connected 
witit its tei'miuals between O, and the 
centre of the primary in T^, pi-oduce in 
their secondary circuits a system of tri- 
phase E. M. Fa. and currents, capable of 
Operating the induction motor as well as 
the incandescent lamps. 
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A monocyclei\ therefore, produces a Uni- 
phase main E. M. F. in its main circuit, 
which is employed for all Uniphase pur- 
poses, such as ligliting, or for the operation 
of synchronous motors. It also generates 
in a subsidiary, or auxiliary coil, an 
E. M. F. in dipliase relation with the main 
E. M. F. and, by combining these two 
dipliase E. M. Fs. through the connec- 
tion of the tliird wire, triphase E. M. Fs. 
can l)e produced in \\\ii secondary circuits 
of suitably connected transformers. 

Fig. 74, sliows the connections employed 
for the distributing circuit of a triphaser. 
Here any pair of conductors may be re- 
garded as an independent uniphase circuit, 
from which step-down transformers for 
unipliase w^ork may be operated. Thus 
1\, 1\ and 1\ are step-down transformei's, 
each connected with one pair of high-pres- 
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sure wires. A pair of transformers, how- 
ever, operated from any two of the three, 
as shown at t^ and 4, will produce in their 
secondary circuits, when united in the 
manner represented, a triphase system of 




Fig. 74. — Connections of Triphase System. 



E. M. Fs. and currents suitable for operat- 
ing a triphase alternating-current motor 
J/i, but three transformers may also be 
employed, each connected across a pair of 
high-pressure wires as shown at ^3, t^ and 
t^. Their secondary circuits are connected 
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with the three terminals of the triphase 
induction motor M^. 

Fig. 75, similarly represents the connec- 
tions of a (liphaser. Here two independ- 
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FkK 75.— CONNKCTIONS OF DiPIIASE SYSTEM. 



ent circuits are shown, each of which may 
he treated as a imipliase circuit j as seen 
at T^ and 7^. By operating two trans- 
formei's, one fi*om each circuit and connec- 
ting their secondaries together, as shown 
at ti and ^g, a diphase system of E. M. Fs, 
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and cun'ents may be obtained, capable of 
operating a diphase motor M. As already 
pointed out three wires are theoretically 
sufficient for the operation of this system. 

Tlie triphase system of three wires pos- 
sesses a distinct saving in copper over an 
ordinary Uniphase, or a diphase system, 
for a given maximum pressure between 
any pair of conductors and a given per- 
centage of drop in the lines. The saving 
in copper amounts to 25 per cent, of that 
required for a four-wire diphase, or a two- 
wire Uniphase system. 



CHAPTER X. 

KOTATIXa MAGNETIC FIELDS. 

It how remains to explain tlie manner 
in wliicli a iuulti[)liase alternating-current 
motor operates when its stationary, or 
stator coils, are traversed by multiphase 
curi'ents. 

Let us su[)pose tliat a field frame is ar- 
rani^c^l with four [)(>los and four coils, as 
sliown in Fi;^. 7(). Lot coils 1 and 3, be 
joined togi^ther in series in one circuit, and 
coils 2 and 4, l)e also joined together in 
series in another circuit; moreover, let 
these two circuits be connected to the two 
windings of a diphaser ; then, when one 
circuit has its full current strength, the 

284 
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other circuit will luive no current passing 
tlirougli it. Let us suppose that at the in- 
terval of time represented at A, Fig. 76, 







Fig. 76. — Diagtiam It^lustijating a Rotating Mag- 
netic Field. 

coils 1 and 3, are receiving a wave of cur- 
rent which produces a north pole at 1, and 
a south pole at 3. At this instant there 
will be no current in the coils 2 and 4. A 
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small compass needle, pivoted at the centre 
of the field frame, would, therefore, point 
to pole 3. 

Xoxt suppose, that a quarter cycle 
elapses, ;is at B ; then the current in the 
Oiuls 1 auil \\, will have disiippeared, and 
the ouriviit in ^1 and 4, will have attained 
its innxiinuui streiii^th. Under these con- 
ditions, a iu>r(h pole will be developed at 
4, ami a south pole at 2, so that the com- 
pass luedle will have to rotate through 
'JO^', aihl will now point to 2. Again, at 
the next nuarier cycle represented at C\ 
the current in 2 and 4, will have died 
a\\a\, Kut the current in 1 and 3, will 
ha\e the opposite direction to that at ^4 ; 
\\\s\\ is to >a\, if J, represents the effect of 
the po>itive wave (I repivsents the effect 
of the negative wave. A north pole will, 
iheiefore, he formed at 3, and a south j.H)le 
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at 1 . The compass needle will, therefore 
be rotated to 1, having described 180^. 
Again, D^ represents the condition at the 
next quarter cycle, when the current flows 
through 2 and 4, producing a noith pole 
at 2, and a south pole at 4, The needle 
will now be pointing to 4, and will have 
rotated through 270°. Finally, after a 
complete cycle has elapsed the condition 
at A, will be reproduced, when the needle 
will have completed a revolution. It is 
evident that the effect of the diphase cur- 
rents in the field frame has been to pro- 
duce a i-otation of the magnetism of the 
field, in obedience to which the compass 
needle rotates once to each complete cycle. 

If the frequency in the circuits be, say 
50 cycles per second, the compass needle 
may be expected to make 50 complete 
revolutions per second, and would consti- 
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tute a diminutive raoviug part or rotor. 
We have explained the successive steps of 
this rotating field that occur in Fig, 76, on 
the supposition that they take place in 
positions 90° apart. In practice, however, 
motora are frequently so constructed that 
the magnetic field rotates almost uniformly 
around the frame, instead of by jumps. 

Tlie motor constituted by the field frame 
and the rotating compass needle would ol> 
vioualy be very feeble. Magnetic action, 
however, may be intensified in various 
ways, either by employing a larger oi' more 
powerful compass needle, such, for ex- 
ample, as a suitably [livoted electromagnet, 
or, by employing a mass of iron for the 
rotating part, wound with coils of wire 
forming closed circuits, i50 that the moving 
or rotating magnetic field may induce in 
these coils powei'fid currents, whose mag- 
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netic flux will be attracted by the rotating 
field, tliiis tiirniug the armature around. 

There are thus two classes of multiphase 
motors, both of ^vhich employ a rotating 
field. In one class the rotating field acts 
upon a magnetized ai*niature, which, after 
being set in rotation, keeps in step or in 
synchronism with the rotating field. In 
the other class, the rotating field acts so as 
to induce currents in the armature by the 
difference of speed between the rotating 
field and the rotating ai'mature, so that the 
armature never quite attains the speed of 
the field, and lags behind it by an amount 
sometimes called the slqy^ which depends 
upon the torque or load. The first class 
embraces what are called si/nchronous mul- 
tipltase motors ; the second class, are called 
induction multiphxise niotorSj or simply 
induction motors. 



L 
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Tl:ere is a marked difference between 
syncbi-onous multiphase motors and syn- 
chronous Uniphase motoi's. Tlie latter are 
incapable of starting under oniiuary practi- 
cal conditions, since the iimgtietic field pro- 
duced by a Uniphase curreut does uot 
rotate, but merely oscilhitea to-and-fro. 
The former are so designed as to be capa- 
ble of self-ataitiug, owing to the influence 
of the i-otating magnetic field, which pulls 
the armature around with it. If one of 
the diphase circuits of tlie field frame be re- 
versed it will be found that the effect is to 
reverse the direction of mtation of the field 
and, therefore, the direction of rotation of 
the armature. 

Fig. 77 represents diagram niatically the 
action of a triplutse rotating field. Here 
six poles 1, 2, 3, 4, 5 and 6, are represented, 
Avith their coils so an-anged that 1 and 4, are 
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in series in one circuit, and 2 and 5, in 
series in the second circuit, and 3 and 6, in 
series in the third circuit. Six conditions 





Fig. 77. — Diagram of Tripiiase Rotating Field. 



are represented at A , B^ Cj D^ E^ and F^ 
during successive sixths of one complete 
cycle. At A^ the compass needle is shown 
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pointing to pole 1, tbe current being a 
maximum in coils 1 and 4. At £y the 
needle is shifted to pole 6, the current 
beino; now a maximum in coils 3 and 6. 
Similarly, at eacli successive sixth of a 
period, tlie needle will have shifted around 
one-sixth of the revolution as the current 
successively rises and falls in different cir- 
cuits. • It will be seen that the difference 
between a dlpluii^p field frame^ and a 
trqyhft'^J fid'l fnf'ia^, coui^iHt^ in the number 
and arrangement of the coils, but that tlie 
ett'ect is otherwise the same, the result of 
conibinini>: the effects of successive current 
waves Ijoing to produce a rotary magnetr 
ism, Tlie armature, as before, may be of 
the synchronous, or of the induction type. 
It will 1)(^ readily understood that Fig. 77 
is dinuranimatic only. The actual rotation 
of th(* field being usually obtained by a 
somewhat different windinor. 
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A syuehroiiou^ miiltipLase motor lias 
the same speed at all loads. If overloaded 
it will come to rest, but will start again 
from rest when the load is removed. An 
induction motoi- wiil very nearly reach the 
full rotary speed of the field at light load, 
but will be retarded, or will slip, as already 
mentioned, at full li)a<l. Tiie amount of 
slip is comparatively small, being only 
about 3 per cent, in large motors, and 
about 5 per cent, in small motors. Induc- 
tion motors may be designed which will 
start from rest imder a very powerful 
torque. It is usually necessary, especially 
with large motors, to insert resistances into 
the armature circuit at starting, in oixler to 
check the very powerful currents which 
tend to be developed in them when started 
from rest; for, since the E. M. Fs. induced 
in the armature are proportional to the 
difference in speed between the armature 



■ differei 



^L are 

H desi 

H moi 



THE ELEOTBIO MOTOR AND 

aiul the rotary fiekl, it is evident that when 
just starting this difference of speed will 
be a maximum, and the current \vill 
be very powerful, producing reactionary 
effects that are disadvantageoua. The 
effect of inserting resistance in the ai-raar 
tnre circuit is to check the strength of 
these currents and so improve the starting 
toi'que of the niotur. 

A form of ti'ipliase motor, of 15-horse- 
power capacity, is represented in Fig. 78. 
The three main terminals ai'e seen at A, Ji, 
and C The tield frame J*', is of laminated 
iron. W, is a portion of the field winding. 
The lever L, is provided for the purpose of 
starting the motor effectively. When the 
lever is in the position shown, i-esistances 
are left in the armature cii'cnit as above 
described, so as to obtain, when starting, a 
more po\verful and less wasteftd torque. 
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and a jetluced cimeiit iii the aiiuature 
coils, which ai'e hidden from view. Ab 
soou as tlie ai-mature has come up to speed, 




the lever Z, is pushed In toward the arma- 
ture, thereby bringing a metal collar into 
contact witli the stniis S, thus short-circuit- 
ing the resisLauce, and improving the action 
of the motor for full speed. lu oi'der to 
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reverse tLe ilirectiou of motion of tbi 
armature, it ia siitficient to reverse any pal 
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Fio. 79,— IIOLMT, WITH 10 Kilowatt JIuLTCPHASE Motor, 

of wires on tlie tenninals ^1, B and C 
This has tlie effect of revereing the direc- 
tion of the rotating field. By esaraining 
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the figure, it will be seen that the dimen- 
sions of tills motor are relatively very 
small as indieated by the foot rule that lies 
extended at its base. 

In Fig. 79, a 10 KW triphase motor M, 
is shown, connected to a hoist. Here F, is 
the field winding, and A, the winding on 
the rotating armature. 



A marked advantage possessed by nml- 

itiphase motors, either of the diphase or 
triphase type, lies in their simplicity. 
They require no commutator, and their 
winding is of a very simple descrip- 
tion. They are compact and require tlie 
mininnmi .imonnt of attention. These 
facts, taken in connection with the facility 
of transf<irming alternating-current pres- 
' Bures, have given a great impetus to the 
manufacture and use of multipliase motora 
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Fig. 80 shows a form of triphase motor 
suitable for driving line shafting. It is 
sectii'ed in an inverted position to a ceiling 
or elevated beam. 



The mnltipliase motor is sometimes used 
as a starter for a large Uniphase syn- 
chronous motor. Fig. 81 represents such 
an arrangement. Here the diphase motor 
M, is capable of being moved forwanl on 
its base by the wlieel H, so that its pulley 
§, engages by friction with the pulley R, of 
the hirge synchronous motor S. This is 
done in onler to bring the large synchronous 
motor up to, or slightly in excess of, its syn- 
chronizing speed. As soon as this speed 
has been attained, the circuit of the Uni- 
phase motor is closed, enabling it to be 
operated from that circuit and to absorb 
energy from the generator at the transmit- 
ting end of the line. The friction clutch C. 
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is then operated to connect the pulley P^ 
and its load with the synchronous motor, 
Avhich torque can mow be taken l)y the 
motor without its falling out of synchron- 
ism. The diphase motor M^ is then with- 
dra\vn and stopped. 



CHAPTER XL 

ALTERIS^ATING-CURKENT TRANSMISSION'S. 

As we liave already pointed out, 
economy in electric transmission necessi- 
tates tlie use of liigli pressure in the line 
when the distance between wneratino: and 
receiving station is great, and that con- 
siderable practical difficulty exists in 
obtaining continuous-current translating 
devices which may be operated b}^ it. 

The use of alternatins; currents for the 
transmission of power obviates the diffi- 
culty as regards higii-pressure translating 
devices, since l>y means of the alternat- 
ing-current transformer, the high pressure 
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on tlie line caa readily be transformed at 
the generator and motor to any desired 
low pressure. 

Alternating-current systems of transmis- 
sion may be claasified as Uniphase or multi- 
phase. The use of any iiniphase jiower 
system is open, however, to the objection 
that, as yet, no electric motor of any con- 
siderable size has been designed, which 
will start from rest when directly con- 
nected with such circuit. For this reason | 
the tendency of recent engineenng pi-ac- 
tice has been towai'ds multiphase trans- 
mission systems. 



In oi'der to compare the relative advan- 
tages of economy between uniphase and 
multiphase systems, so far as relates to the 
weight of the conductor employed, some 
common criteriuu must be adopted as 
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a biiHis of cuniparisoit. It is obvious, if a 
givea weight of copper be employeii in a 
Uniphase system of transmission, at a pres- 
sure of say 4,000 volts, tliat it would be 
possible to i-ednce tbis weigbt of copper 
either on a unipbase or a multiphase system 
by employing a liigher pressure. Conse- 
quently, the basis of comparison must be a 
given maxiuuun effective pressure. Tliia 
maximum permissible pressure might be 
measured between any wire in the system 
and the ground, or, between any pair of 
conductors independently of the ground. 
The latter is usually the basis of compari- 
son, since, when cireuit wires are i»nried 
side by side in a conduit, or are suspended 
side by side from poles, it is the insulation 
between these wires which determines the 
electric security of the system and this in- 
sulation is not from a practical standpoint 
to be regarded as the mere number of ohms, 
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or megohms, existing between the con- 
ductors, but in their latent capability of 
maintaining this degree of insulation under 
all normal circumstances. 

Let us suppose that the maximum per- 
missible pressure between any pair of wires 
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Fig. 82. — Uniphase Circuit. 

is fixed at 10,000 volts effective, as indicated 
by a voltmeter connected between them; 
then the uniphase system would have 
10,000 volts between its single pair of 
wires, as shown in Fig. 82, where G^ is the 
generator, M^ the motor and 1 1 and 2 2, the 
Avires. A four-wire diphase system would 
have 10,000 volts between the wires of each 
circuit, as shown in Fig. 88. The three- 
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wire (lipliase system would have 10,000 « 

volts between the outside wires and 7,070 I 
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Fig. 83. —Four- Wire Diphase Circuit. 

volts between ueii>:hborlni]: wires, as shown 
in Fig. 84, and a tripliase system would 
1 t 
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Fid. 84. — TiiHER-AViijK DiPHASE System. 

Lave lOjOOO volts between any two of the 
three win^s, as sliown in Fig. 85. Under 
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these coiulitions the uniphuse, aucl the in- 
depeadtnt'circuit diphase or, the four-wire 
dij)h((se, possess the same rehitive economy 
ill conductors. The triphase system, Iioav- 
ever, recpiires 25 per cent, less copper, 
altogether, than either the uniphase, or the 




Fi(4. 85. — TuiiMiASK Systkm. 



independont-circuit (li[)liase, while tlie i/ifer- 
Il/ded^ or thrce-idre dlphase^ recpiires 45 [)er 
cent, more copper than the imiphase, on 
the basis of Fig. 84, since when the maxi- 
mum eit'ective pressui-e is reached between 
wires 1 and 3, the working pressure is only 
7,070 volts. If the pressure between out- 
side conductors could l)e neglected, and 



308 THE ELECTRIC MOTOR AND 

10,000 volts retained between working 
wires, then the three-wire diphase would 
save 27 per cent, in copper over either the 
Uniphase, or the four-wire diphase, and 

C 




Fig. 86.— Star Connection. 

til US slightly exceed the triphase system 
in economy. 

TIkm'c are Uvo methods of connecting 
file cii'cuifs of a tri])hase system; namely, 
the sf(n- inefltofJj and the triangh method. 
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These are illustrated in Figs. 86 and 87, 
respectively. Both methods have been 
used. The E. M. Fs. in each branch differ 
in phase by l/3rd cycle, in each case. 




Fig. 87. — Triangle or Delta Connection. 

The connections employed for step-up 
and step-down transformers, at each end of 
a transmission line, are outlined in Figs. 88 
and 89, where Fig. 88 indicates a Uniphase 
and Fig. 89 the triphase system. Here the 
pressure generated by the alternator and 
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motor may be, say 1,000 volts, wliile tliat 
oil the line may be 10,000 volts. Ob- 




Fui. HS.— STi<:i»-rr and Step-Down Thansfoumers 

WITH Umimiask System. 



viously, however, the pressure between the 
line tei'ininals, at the ste[)-up transformer. 
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P'ld. H<). — Stkp I'r AM) Stkp-Down Tuanspokmers op 
Tkiimiask Transmission System. 



will 1)(J ii;i*(\ater than the ])rossure at the line 
terniiiials at tin* receiviiiii; end, o\A^in£C to 
the drop in the line. 
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No better illustration can be given of 
metliods of alternating-current power trans- 
mission than that afforded by tlie system 
now in operation at Niagara Falls. Here 
energy, taken by turbines from water fall- 
ing through a vertical shaft, is delivered 
to alternatinor-current circuits for transmis- 
sion. 

In the case of a powerful stream like 
Niagara, since it woukl be ini[)ossible to 
set a wheel at the foot of the falls, tur- 
bines are placed at the bottom of a pit 
178 feet deep, situated a mile and a half 
up the river. The water that falls 
through the penstocks is discharged 
throuii^h a tunnel at the foot of the falls. 
The total available capacity of the tunnel 
is about 100,000 horse-power. 

The capacity of each turbine is 5,000 
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torse-power at the generator terminals. 
Consequently, it would he necessary to 
install 20 tiirbines in all in oi-der to utilize 
tlie full capacity of the tunnel. Fig. 90 
gives a bii-d's-eye view of the arrangement 
wi til the wheel pit and tnnnel'm section. 
Fig. 91, shows the short canal leading in 
fi'orn the river, and feeding the various 
wheels through their separate penstocks. 
P P P,is the penstock, or vertical iron 
feed water pipe tlii'ough which the water 
falls on to the turbine. T, is the turbine, 
R R, the Uiil race, (hat is a large e.xit 
pipe through which the water passes to 
the tunnel after leaving the turbine. The 
tunnel is 7,250 feet long, 14 to IS feet 
wide, and 21 feet in height, its gradient 
being about 1 in 150. Since a part of the 
tunnel passes under the city of Niagara it 
was necessary to prevent all possibility of 
eroding the walls. In order to effect this. 





tlie entire tiiui: 
was lined with vit- 
rified brick, and 
about 13 million- 
of bricks were iis<.-< I 
for tliis piuposc. 
S, '% is the tiirbiin' 
shaft, which drivt.- 
the generator 6-', in 
the power hoiis.' 
above. 

Au inspection of 

Fig. 92 will sli(.\v 
jn greater detail 
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the maimer in 
of tbe penatock 
■ the turbiue wheel. After falling through 



(vhich the lower end 
deli vera it8 water to 
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i the vei-tieal j^ipe P, P, of Fig. 91, it 
through the inclined pipe P, P, 
liat the lower part of the penstock, entering 
the bodj' of the turbine at T, and is dis- 



THE ELKCTBIO MOTOE AHD 

charged tbeiefrom into tlie tail lace below. 
Tbe vertical axis of the shafb of the tur- 
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bine S, jiasses upwards to the gcuerator, as 
howii more completely iu Fig. 91. 
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A vertical section to tbe parts shown in 
Fig. 92, 18 given in Fig. 93, together with 
the upper portion of the penstook and 
turbine shaft. In this figure the same 
letters refer to the same parts. 

Coming to the top of the turbine shaft, 
we find the generator which it drives. In 
this form of genei'ator it is the field mag- 
nets which move, the armature remaining 
at rest. The armature is shown in Fig. 
94. A, A, is the Gramme-iing diphase 
armature of tlie iron-clad type, resting 
upon the pedestal I^, and having 187 slots 
cut in its surface in which tlie conductors 
are placed. There are two conductors in 
each slot, each conductor formed of a 
copper bar 1.34" X 0.44" in cross-section. 
The winding of the armature is in two 
sepai-ate circuits, so arranged that the 
alternating E. M, F, is generated one 
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piarter of a wave apart in the two cii 
uits, so that tlie tw<:i E. M. Fs. aie iu 

liphase relatioiishiti. 
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Flu. 94.— One of the 5,000 IIP AiisiATiiHKs. 

■ The revolving field ring, with its 12 
1 poles, is represented separately in Fig. 95. 
^L The poles iV, S, are of soft steel, rigidly 




nently excited by a continuous current 
from a separate generator. The field ring 
is 11' 7" in diameter, and revolves at 250 
revolutions per minute. The cover of the 
field ring is shown in an inverted position 



■ 
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ill Fig. 96. A, A, A, are ventilating aper 
tures iu the cover, intended to draw ii 
cool air for tlie ventilation of the annatui'e 
(luring rotation, while C, is a central ajier 
tnre for the reception of the turbine shaft. 


1 










Fni, UC— TiiE Driver kor the Field lima. 

Since the field magnets i-evolve aroiinc 
the fixed armature, it is necessary to 
firmly attach the field to tlie shaft. This 
is effected by means of the cover just de 
scribed. A completed machine is repre- 
sented in position in Fig. 97. 

A vertical cross-section of the machine 
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■ through the axis of the shaft is shown ii 

■ Fig. 98. 8, s, s, is the turbine shaft to the 
H top of which is firmly secured the moving 


1 




i 


\ 






■ Fig. 97.— The Fikht Genbuator ik Position is Tilt 

■ PowBH House at Niaoaba. 

■ field ring K H., through the driver D 
H The poles p, p, have their coils excited by 
H current supplied through the collector rings 
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S. Bnisbes, not showu in the figure, rest 
f on these nngs, supjxirted on tlie .brush 




li(>l<ler 1mm A, b, attached to Ww platforai 
over the machine. The current is supplied 



i 
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to these brush holders through conductors 
G^ leading to an independent generator at 
175 volts pressure, a^ a, is the fixed 
armature ring supported on the cast-iron 
base B. 

The electric connections necessary for 
the local and loncy distance distribution of 
power are represented in Fig. 99, for two 
5,000 horse-power generators. The pj*es- 
sure supplied by the alternators in each of 
their tw^o separate diphase circuits is from 
2,000 to 2,400 volts, according to require- 
ments. The two generators are indicated 
at i and 2. Their four wires ai^ led to 
separate switches AS'and a9". Each switch 
is arranged so that it can either be discon- 
nected altogether, as shown in the diagram, 
or can make connection between the gener- 
ator and either of the sets of bus-bars A 
and B. Thus, if the switch be thrown on 



324 



THE ELECTRIC MOTOR aI^D 



one side, it will connect the four generator 
wires to the four bus-bar wires A, while 




Fig. 99. — Diagkam Showing the Connections op 
THE Generators with Local and Long Distance 

Feeders. 



if it be thrown on the other side, it will 
connect the generator wires to the four 
bus-bar wires Ji. 
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The two sete of bus-bara ai'e an'anged so 
89 to enable the two separate generators 
to be employed independently ; one, for ex- 
ample, to supply local distribution, and tlie 
other, to supply long distance distribution. 
The switch S' S', in the centre of the figure, 
enables connection to be made between the 
long distance wires L, and the bus-bars B, 
or the local circuit wires L, L', and the bus- 
bars -4. For local disti'ibution, a pressure 
of 2,000 volts is sufficient without the inter- 
vention of any step-up transformei's ; but 
for Jong distance transmission, as, for 
example, to Buffalo, the step-np trans- 
formera T, 'I", would be employed. These 
are so arranged, that when connected in ' 
the proper manner, having their pri- 
maries supplied by diphase currents, their 
'Secondaries will generate triphase currents. 
uTie three long-distance mains are I'ep- 
resented on the secoudaiy side. This 
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Fin. 100.— TiiK Inti.:kna 
Static Tbanspormeh. 
THIS Pke^ure of t 

CultRENT FROM 2,400 1 



^ 



ti'aiisfei' from tlie iliphase to tlie tripIiaKe 
system is iritnnlnce(l for tlie purpose of 
saving c-opper in tlie Hue tratisiiii: 
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Fig. lOf.— 1,000 HP Thaksfohmeb. 
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Fig. 100, allows the internal parts of a 
large 1,000 horae-power transformer, iu- 
teurled for the reduction of pressure from 
2,300 to 200 volts, but it would, of course, 
be possible to employ similar transformers 
for raising the pressure, the secondary 
windings tlien being altered. This trans- 
former belongs to the type of oil-cooled 
tvanffonners. It i^^ set in an iron case, 
represented in Fig. 101, through which oil 
is pumped. 

An excellent illustration of the capa- 
bilities of long-distance alternatiug-cui-rent 
transmission is seen in Fig. 102. Here the 
power station, which miglit be a station like 
that at Niagara Falls, is represented in the 
lowei', left-hand cornei', with triphasers 
driven by water-wheels and supplying a 
pressure of 2,000 volts. The pressure is 
raised to 10,000 volts by means of three 
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step-up transforiuere, aud is transmitted 
through the three long-distance wires to 
the receiviu" station, where it is reduced 




through step-down traDaforiners to a pi-ea- 
sui'e of 310 volts, in a circuit intended for 
street railway power transtnission, and to 
2,000 volts, in another circuit intended for 
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city distribution. The 310-volt tnphaae- 
cireuit is led to a rotary convei'ter ; i. e., a 
triphase motor caiTyiog a comrautator upon 
which blushes rest in such a manner that 
as the motor armature levolvea, the alter- 
nating current received at the collector 
rings on one side is redistributed thiwigh 
the commutator as a contiuuous current 
of 500 volts pressure on the other, which 
pressure is conveyed to the street railway 
mains. The 2,000-volt secondary circuits 
are carried througli the citj', and arfe either 
employed to drive tiiphase motora of the 
synchronous or non-synchronous type, or 
through local transformers to distribute 
light and power in 110-volt triphase or 
Uniphase circuits. 



A form of triphase motor of 1 25 horse- 
power, or about 94 KW, is represented in 
Fig. 103. Here the current is supplied 
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through thret! terminals at the top of the 
field frame. The armature carries a collar 
which is so an-aiiged that wlien disengaged 




i 



from ita receptacle, a certaia resistance is 
inserted in the armature circuit, but when 

the motor has attained full speed, the collar 
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is thrown into its receptacle by the use of 
the projecting handle at the side, when 
this resistance is cut out of the armature 
circuit. 

Fig. 104, represents a form of more 
powerful triphase motor, being adapted 
to supply 250 HP, or about 188 KW. 
Here the current is supplied through 
the three collector rings of the rotat- 
ing portion or rotor. This produces 
a rotating field in the armature, imder 
the action of which the armature attracts 
the field frame and is set in rotation. 
After the armature has reached full 
speed the machine acts as a synchronous 
motor in step with the triphase impulses 
received on the line. 

If the motor were a uniphase machine, it 
would not be able to start itself from a 
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state of rest, but once brought to full 
speed it would also be able to run in 
synchronism, although it would, probably, 
be more easily thrown out of step by a 
sudden variation of load. 

The torque which a multiphase ; that is, 
of a diphase or triphase induction motor, 
can exert at starting; /. e.j its starting 
torque, is often considerably greater than 
the torque which it will have to exert 
when running at full speed under full load. 
The starting torque of a midti2:>hase syn- 
chronous motor is usually much less than 
its full load toi'que, but its power factor 
at full load is 2:roater than that of an 
induction motor. This is often an advan- 
tage to the alternating-current distributing 
system. 



CHAPTER XII. 

MISCELLAXEOFS APPLICATIONS OF ELECTRIC 

MOTORS. 

One of the principal advantages of the 
electric motor is the ease with which it 
can be directly applied to machinery. It 
has been customary, in large machine 
shops, to employ long lines of shafting, 
receiving power from an engine or other 
prime mover, and transmitting tliis power 
to tlie driving jjulleys of machines, either 
directly, or through the intervention of 
counter-shafts. The use of the electric 
motor enables each machine to be operated 
independently of all the others, thus 
avoiding the continuous expenditure of 

335 
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power in .overcoming the friction of line 
Hliafts. Moreover, the requirements of 
eiicli lUiuOiine us to speed and regulation 
may Ix^ more readily dealt with by this 
nuiaiis. lu Home cases, where machinery 
lias to stand at an angle with the line 
sliaftiiii^^, (li(^ difficulty which would be 
<^\'p(*ri(Ml('(Ml ill Ix'lting to the same are 
(Mitiiu^ly ()\(M'c()iiie. In other cases groups 
of machines may 1)0 operated each from a 
siiii^lci motor, l)y the use of short lengths of 
count(ir-sliaft. This is known as the group 

TIkj iiuml)cr of machines to which elec* 
trie motiv(i ])ower has been applied is so 
gr(^at that space will prevent more than 
a c-ursoiy description of them. We will, 
therefore, s(il(^ct some of the more promi- 
nent of these applications, although many 
others will occur to the reader. 
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The application of the electi'ic motoi" to 
the driving of a sci'ew inachiim ia ehown 




Fig. 105.— Electric MoniT' 



in Fig. 105. Here the armature of the 
electric motor, mounted on the lathe 
head, is shown at A. A switch ia pro- 
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vided at S, fur starting the motor, wliieb 
is an oi-dinary coutinuous-cuiTeut niacliine, 

Fi^ 106, shows the application of a con- 
tin ii'iiisiMircpnt flwtric motor directly 




coupled to a pipe cutting liiacbim-. Fig. 
10", shows the applipJition of a continuoiig- 
ourretit electric motor, tn a piincli press. 
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geared to the shaft of 



Here the motor 
the machine. 



The electi'ic motor is particularly 
adapted for driving such machinery as is 
used at ii'regular intervals, and where but 
little povvei- is i-equired. Of coiiree, uuder 
these cii-cumatanees, it would not be 
econora ical to install a steam engine 
and boiler. An instance of this kind is 
found in the driving of the bellows of 
church oi^ans. Water motoi-a, formerly 
employed for this pur^wse, have been 
largely superseded by electric motel's. 
An electric motor attached to a house or. 
ehui-ch organ is represented in Fig. 108, 
M, is a small continuous-current motor, 
belted to the pulley of the bellows 
raechanistn. A regulator R, is so ar- 
ranged, that if the rate of pumping is not 
sufficient to maintjiin the full wind pres- 
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sure, a resistaoce will lie cut out of the 
circuit and tbe motor wiW I>e accelerated. 
The stai-tiug \ms S, is [ilaceil by the side 




of the keyboairljSO as to pei'init the oi'gan- 
ist readily to start and stop the motor at 
will. 
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Fig. 108.— Electuic Motor Applied i 
Bellows. 



The application of tlie electric motor to 
I the pumping of water is shown in Fig. 
\ 109. Hei-e a eontiunous-current motor M. 
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operated from incandescent electric light 
mains, is belted to the pump pulley. The 
supply wires to the motor are led through 
a fuse block F^ to the d(nible-pole snap 
switch 8^ from which they proceed to an 
automatic switch. This latter is provided 
for tlie stopping and starting of the motor, 
under the conti'ol of a l)all float in a water 
tank. Wlien tlie water in the tank 
reaches a certain lieiglit, the rising of the 
ball lowers the weight and suddenly opens 
the ai'uiature circuit. On the contrary, 
when the water in the tank falls too low, 
the descent of the float raises the weii>:ht, 
and starts the motor slowly. In all such 

• 

cases, where motors are installed under 
conditions where they are likely to run 
for weeks without attention, it is advisable 
to employ motors of as slow a speed and 
substantial a construction as possible, so as 
to diminish the wear and tear, and hence 



f 
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the attention required. It is, for ttis 
reason, even advLsable to employ a mf»tor 
of more tliau sufficient size to do the work 
require<l, since under these circumstances 
it will run with very little effort. 

The motors, al>ove illustrated, have 
been all of the continuous-current type. 
It is needless to sav, however, that alter- 
nating-ciu-rent motors could be employed 
in their stea<l, provirled that they are of 
the nmlti[)liase type, so as to pemiit them 
to start from rest. 

Ficr. 110 shows a Gatlin^j^ i^uu, in which 
an electric motor is employed for the pur- 
pose of operating the breech mechanism. 
The certainty and precision with which 
the motor will introduce and I'elease the 
cartridges, renders this application of the 
electric motor verv advantai^eous. 
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The applications of the diamond drill 
for prospecting in mining districts are well 
known. The electric motor provides an 




Fia. 110. — Gatlino Gd.n. Operated i 
HoTon. 



exceedingly convenient means for driving 
such drills, when electric power is avail- 
able. Their use in mining districts has 
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EM* <f Ae nek miBed is brof^fit 
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to elevators in biiiklhigs, ami to hoists in 
mines. In tlit^ liit.ti.T t-iise, tlie t-use with 




wliich the power can be carried to different 
parts of the mine rendei's the electric driv- 
ing of such lioi.sta very advantageous. An 




^otor driren hy tbe eleetrio power, at a 
speed pmportioittte to tbe rate of supply. 



FkobaUj there is do purpose for wLicli 
small powers are more required during 




certaiu seasons of the year, than fur ilriving 
rotary fans. A great variety of fonns have 
been devised, varying not only ivith the 
character of tlie fan, but also «"itlj the posi- 



r 
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tion in which it m located. Fan motors 
are made to operate, both on continuous 
and" on alteniating-current circuits. For 



1 




such small alternating-current motors mxi\- 
tiphase cirenits are not required. A 
!an motor always starts with no load, be- 
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as is usual where the motor is in a position 
in which it may he touched, it is provided 
with a wii* guai-d. 



1 




Fio. 118.— No. 1 Pan Outfit for Anc Circuits 
(C0H8TANT Cubrentb). 

The motor described in Fig. 114 is ex- 

I |»OBed to view. Frequently, however, the 

motor is inclosed in a cast-iron case, as 

shown in Fig, 115. In such cases special 

[ attention has to be paid to the brushes and 
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commutator, since they nm out of view. 
Fig. 116, shows tlie details of a form of 



1 



i 



Fig. 119.— CEiLt 



brush employed iu the motor of Fig. 115. 
Here, it will be seen that carboii cylindri- 
cal brushes ai'e employed which are main- 



^ 




fan motor, also enclosed. Fig. 118, shows 
a form of fan motor intended to be oper- 
ated on a series-arc circuit. Since the 
pressure employed on such a circuit is 




sometimes eiiapeinled from the ceiliiiga. 
Tn tliia cane tlie fan blades are driven in a 
horizontal plane by a suitably supported 
motor. Fig. 119, shows a form of ceiling 






Fig. 133.— EtecTMc CAPSTise. 
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fan motor, adapted for continuous-current 
circuits. Here the motor is placed below 
the fan blades. 

The electric motor is frequently used for 
ventilating purposes. In Fig. 120 a motor, 
is shown in position for driving an exhaust 
fan. Another form of such motor is shown 
in Fig. 121. 

Fig. 122 shoys the application of the 
electric motor for driving a capstan on 
board sliip. lu this 2)articular case the 
motor is operated on a 110- volt continuous- 
current circuit, and has a capacity of about 
5KW. 
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TJiiit of Resistance, 3&. 
Units of Magnetic Flux, 131. 

of Magaetomotive Force, 131. 

of Work, 9. 

Universal Ether, 80, 81. 



Varieties of Solar Energy, 21, 22. 

Vertical Section of 5,000 Horse-Power Generator, 

322. 
Voltage, 37. 
Volt, 35. 

Voltaic Batter}', 37. 
Volt-Coulomb, 47. 

w 

Wasted Activity, 35. 
Watermotive Force, 60, 61. 
Watt, 12, 48. 

Winding, Teaser, of Monocycler, 272. 
Work, International Unit of, 9. 

, Rate-of-Doing, 11. 

, Units of, 9. 



